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ABSTRACT OF THE DISSERTATION

Assessing the Prevalence of Inadequate Nutrient Intake among Vegetarians and Non
vegetarians Using the Estimated Average Requirement: Results from the Adventist
Health Study 2 Calibration Study
by
Choon Chew Teo
Doctor of Public Health Candidate in Nutrition
Loma Linda University, 2010
Joan Sabate, Chair

Introduction: Studies have shown that vegetarians have lower risk of chronic
diseases and longer lifespan. Yet when mean intake of vegetarians was compared with
the Recommended Dietary Allowance (RDA), it was reported that vegetarians were
inadequate in certain nutrients. With the recent establishment of the Estimated Average
Requirement (EAR), the new reference standard for assessing adequacy of population
intakes, nutrient adequacy of the vegetarian diet should now be reassessed.
Daily number of servings for each food group of the food guides have usually
been theoretically computed based on intakes suggested in menus or cookbooks. We
attempted to use the actual intake of a low risk population, who has both an optimal and
adequate diet, to compute daily number of servings for a vegetarian food guide pyramid.
Methods: 2 sets of 3 recalls taken six months apart were taken from a cohort of
the Adventist Health Study-2 (AHS-2) calibration study whom were residing across
m

United States and Canada. A vegetarian subgroup from this cohort was identified and
their nutrient intake were assessed using the EAR cut-point method. The type and
quantity of food taken by vegetarians with nutrient intake above the EAR or the Adequate
Intake (AI) for selected nutrients were used to compute the number of servings for the
food groups of a vegetarian food guide pyramid.
Results: Vegan were likely to be inadequate in vitamin E (71%), B12 (44%) and
A (40%) while Vegetarians were inadequate in vitamin E (71%), A (30%) and
magnesium (29%). Non-vegetarian were inadequate in vitamin E (91%), magnesium
(50%) and folate (41%). Mean intake of calcium and vitamin D were below their AI for
all diet groups but the means of vitamin K, pantothenic acid and manganese were above
their AI.
Conclusion: When nutrient intakes were compared with the EAR, Vegan and
Vegetarian have a lower proportion of inadequacy for selected nutrients compared to
Non-vegetarians and the general population.
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CHAPTER 1
INTRODUCTION

A. Statement of the Problem
1. Increasing Interest in Vegetarianism
There is an overall increased interest in vegetarianism as evidenced by the
emergence of animal rights/ethics courses on college and university campuses and the
proliferation of magazines, newsletters, web sites and cookbooks with a vegetarian theme
(ADA, 2003). According to surveys conducted in 2000 and 2002, approximately 2.5% of
the US adult population (4.8 million people) and 4% of Canadian adults (900 000 people)
are vegetarians (ADA, 2003). Numerous scientific studies have been published in recent
decades showing the beneficial relationship between vegetarian diets and the reduced risk
of many chronic diseases such as cardiovascular disease, hypertension, diabetes, cancer,
osteoporosis, renal disease and dementia (Leitzmann, 2005; Sabate, 2003b). Yet other
studies have also shown that population following a vegetarian diet, may be inadequate in
protein, calcium, vitamin D, zinc, iron and vitamin B12 (Donovan & Gibson, 1996; DunnEmke, et ah, 2005; Larsson & Johansson, 2002; Weaver & Plawecki, 1994).
2. Recent Changes in Nutritional Standards
Most of the past studies on adequacy of vegetarian diets have based their
reference for nutrient adequacy either by comparing nutrient intake between vegetarians
and non-vegetarians or by comparing nutrient intake of the vegetarians with the
Recommended Dietary Allowance (RDA). The RDA is a dietary standard set by United
States Department of Agriculture (USD A) and revised nine times since its establishment
1

in 1941 (Kramer, Osis, Coffey, & Spencer, 1984; Shaw, Chin, & Pan, 1995). With the
increase in scientific knowledge regarding the link between diet, health and chronic
diseases and the emergence of advanced technologies that could measure small changes
in individual adaptation to various nutrient intakes (Otten J.J., Hellwig, & L.D., 2006),
the Food and Nutrition Board have developed the Dietary Reference Intake (DRI) in the
late 1990s to replace and expand upon the old RDAs.
There are four reference values within the DRI: the Estimated Average
Requirement (EAR), the Recommended Dietary Allowance (RDA), the Adequate Intake
(AI), and the Tolerable Upper Intake Level (UL). The EAR is the average daily nutrient
intake level that is estimated to meet the requirements of half of the healthy individuals in
a particular life stage and gender groups while the RDA is the average daily dietary
nutrient intake level that is sufficient to meet the nutrient requirements of nearly all (9798 percent) healthy individuals in a particular life stage and gender group. The EAR is
now the primary reference point for assessing the adequacy of estimated nutrient intake
of groups (Murphy & Poos, 2002). The application of the EAR in assessing and planning
diet now placed emphasis on the distribution of nutrient requirements within a
population, rather than just on a single value (as was done in the former RDA) (Institute
Of Medicine, 2006).
3. Need for Reassessment
Past adequacy studies on vegetarians used mean intakes of groups to
compare with the RDA, and mean intakes that are equal to or above the RDA were often
assumed adequate. This method of assessment is incorrect as there may be a considerable
proportion of the group with intakes (though above the RDA) below their requirements
2

(Barr, 2006). Moreover mean or median intake of a group should also not be compared
with the RDA when assessing nutrient adequacy in a group because the prevalence of
inadequacy depends on the distribution of usual intakes and this is not taken into account
when only the mean or median is used (Murphy & Poos, 2002).
Thus, there is now a need to reassess the nutrient adequacy of the vegetarian diet
with reference to this new standard (EAR). This will allow us to have an updated
appraisal of the efficacy of this diet.
In addition, most of the studies on nutritional adequacies of vegetarian diets either
had small sample sizes or were conducted on populations within certain restricted
geographical boundaries such as within a city (Janelle & Barr, 1995; Nathan, Hackett, &
Kirby, 1996) or a community (Alexander, Ball, & Mann, 1994; Miller, Specker, Ho, &
Norman, 1991). Greater external validity may be achieved if we can assess the nutrient
adequacy of the vegetarian diets on a bigger population that is more geographically
representative of vegetarians in general.
4. Number of Servings for Food Groups Within the Vegetarian Food Guide
With more Americans becoming interested in improving their health and
nutrition by adopting vegetarian diets, a vegetarian food guide that provides guidance in
selecting a total diet that is both nutritionally adequate and provides the optimal benefit of
reduced disease risk can be a welcome tool for nutrition education and counseling.
Throughout the years, a number of vegetarian food guides have appeared in websites,
recipe book, diet manuals and scientific journals. In the earlier years, different daily or
weekly menus were used to develop the various food guides (Mutch, 1988). Haddad in
more recent years developed a vegetarian food guide based on food group approach that
3

involved grouping food on the basis of similarity in composition and nutritive values.
Number of servings for each food group were then recommended based on amount
needed to provide minimum nutrient intake of >= 90% of the RDAs (Haddad, 1994). All
these guides took into consideration in meeting the requirement of the RDA. A vegetarian
food guide developed to meet the requirement of the EAR, the current primary reference
point for assessing the adequacy of estimated nutrient intakes of groups, would provide a
more consistent comparison with recent DRI recommendations. Moreover, it will be a
novel option to develop a vegetarian food guide based on the actual intake pattern of freeliving healthy low-risk population rather than what we think vegetarian would eat as
reflected in menus or cookbooks.
5. Selection of a Low-Risk Population
The first Adventist Health Study (AHS-1) from 1974-88 indicated that
Adventists had lower risks for most cancers, cardiovascular disease and diabetes (Fraser,
Beeson, & Phillips, 1991; Fraser, Sabate, Beeson, & Strahan, 1992; Sabate J, 1993; Singh
& Fraser, 1998). In addition, they were also a population with longer life expectancy
compared with general California population; females lived 4.4 years and males 7.3 years
longer (Fraser, 2003; Fraser & Shavlik, 2001). Vegetarians are associated with a lower
risk of death from ischemic heart disease and are also likely to have lower low-density
lipoprotein cholesterol levels, lower blood pressure, and lower rates of hypertension and
type 2 diabetes than non-vegetarians (Albrecht & Nagy-Nero, 2009). The diet of these
two populations (Adventists and vegetarians) may be deemed optimal basing on the
numerous health benefits it confers. The selection of a subgroup of Adventist vegetarians
with nutrient intakes at or above the EAR for selected nutrients will leave us with a
4

population with both an optimal and an adequate diet. Using the intake data of this
subgroup to compute the number of serving for each food group of a vegetarian food
guide may provide a truer and more practical food guidance tool for vegetarians.
B. Purpose of the Study
The purpose of this study is to assess the nutrient adequacy of vegetarian and non
vegetarian diet using the EAR, the new reference standard for assessing adequacy for
groups, and to compute the daily number of serving of the food groups in the Loma Linda
vegetarian food guide pyramid using actual intake data of a low-risk population
C. Research Questions
1. When compared to the Estimated Average Requirement, which nutrients have
the highest probability of inadequacy among vegans, vegetarian and non
vegetarian participants in AHS-2 calibration study?
2. Do vegetarians have a high prevalence of inadequacy for protein, calcium,
zinc, iron, Vitamin B12 and n-3 fatty acids when assessed with the EAR?
These were nutrients of concern among vegetarians when nutrient adequacy
was assessed with the RDA.
3. Can the number of servings of key food groups in a vegetarian food guide
pyramid be estimated from actual intake data of a low-risk population?
D. Theoretical Justification
1. Hypothesis
Vegetarians in AHS-2 calibration study have low prevalence of
inadequacy for selected nutrients with EAR.

5

Vegetarians compared with non-vegetarians, have a low prevalence of inadequacy
for protein, calcium, zinc, iron, Vitamin B12 and n-3 fatty acids.
Intake pattern of a selected group of Adventist vegetarian, who has both an
optimal and adequate diet, may be used as a reference to compute the daily number of
serving for the different food groups of a vegetarian food guide.
2. Mechanism
Adventists and vegetarians are both populations known to have healthier
lifestyle and lower risk of the various chronic diseases. Since dietary intake play a major
role in attaining optimal health, the type and amount of food taken by a healthy
population with nutrient intake at or above the EAR can be deemed healthful and thus
most suitable to be used as a reference for healthy eating.
E. Significance to the Field of Nutrition
Well-planned vegetarian diets are healthful, nutritionally adequate, and may
provide health benefits in the prevention and treatment of certain disease (Albrecht &
Nagy-Nero, 2009). However, the concern of nutrient inadequacy may serve as a
hindrance for others to adopt this dietary pattern. Assessing nutrient inadequacy using the
EAR as a reference, the more up-to-date nutritional reference value specifically designed
for group assessment, may shed new light on the nutrient adequacy of the vegetarian diet.
The result of this study may also serve as a basis for further research to compare the
vegetarian diets with the new DRI (which not only measure probability of adequacy but
also optimization of health, prevention of disease and over consumption of nutrients.)
The study has a fairly large sample size with participants from all across United
States and Canada. The six recalls, taken from weekdays, Saturday and Sunday, will
6

provide a more accurate reflection of the usual daily intake. Result from this study may
provide a stronger external validity in drawing inferences to the general vegetarian
population.
Computing the recommended daily number of serving for food groups using the
actual intake of a healthy low risk population whose diet achieves nutrient adequacy is a
novel idea. We believe this is a more practical way of recommending the amount to eat in
a food guide. The vegetarian food guide pyramid thus formulated can become the basis
for developing and designing useful tools and materials such as:
>

Educational posters

>

Vegetarian manuals

>

Nutrition educational tools

>

Vegetarian Recipe books

>

Interactive Online-Nutrition Assessment Tools

>

Exchange Lists for Vegetarians

7

CHAPTER 2
LITERATURE REVIEW

A. Overview
Most studies that examined nutritional adequacies of vegetarian diets either
compared the nutrient intakes of vegetarians with non-vegetarians or with a reference
standard such as the recommended dietary allowance (RDA). Only one study compared
vegetarian nutrient intakes with the new EAR (Bedford & Barr, 2005). We reviewed
some past studies that assessed nutrient adequacy with the RDA and other recent ones
that did so with the EAR among non-vegetarian populations. We also examined how
different methods were used in estimating serving recommendation for vegetarian food
guides and why the intake pattern of the Adventist and vegetarian populations may be
used as a reference in computing the daily number of serving for the food groups of a
food guide.
B. Nutrient Assessment of Vegetarians using the RDA
1. Nutrients of Concern
Meat and fish are important sources of protein, iron, vitamin A, Zinc,
vitamin B12, and long-chain polyunsaturated fatty acids (Sanders, 1999). Vegetarians,
who include only plant-based foods that are not rich sources of these selected nutrients,
may thus have inadequate intake of these nutrients.
a. Protein. Protein intakes are slightly lower in vegetarians than in meateaters (Sanders, 1999). Plant proteins provide less total protein per unit of food (Whitney
& Rolfes, 1999), lower digestibility for humans (V. Messina & Mangels, 2001), and with
8

the exception of soy protein, less essential amino acid quality and usability than animal
protein (Young, Fajardo, Murray, Rand, & Scrimshaw, 1975). Vegetarians can address
this concern by using appropriate amounts and a variety of plant proteins.
b. Calcium and Vitamin D. Dairy products have been identified as the
rich source of calcium (Whitney & Rolfes, 1999), and some have been fortified with
vitamin D to enhance calcium absorption. Vegans, whose diets exclude all meat, dairy
and egg products, have lower dietary intakes of calcium and vitamin D than omnivores
(Larsson & Johansson, 2002). Green leafy vegetables contain a reasonable amount of
calcium but the bioavailability of calcium is reduced due to the high oxalate content in
these foods. Low oxalate leafy vegetables such as bok choy, broccoli, cabbage, collards
and kale, as well as soy products can provide sufficiently usable calcium when consumed
in appropriate amounts (Heaney, Dowell, Rafferty, & Bierman, 2000; Weaver, Proulx, &
Heaney, 1999). It is thus important for vegetarians to have adequate intake of calcium
and vitamin D through foods such as low-oxalate vegetables, calcium fortified soy foods,
and some vitamin D-fortified foods.
c. Vitamin Bj2. Among the different types of vegetarians, vitamin B12
deficiency is of greatest concern among the vegans. Vegans will not obtain significant
amounts of vitamin B12 from plant foods alone unless these foods are fortified (ADA,
2003; Dagnelie, van Staveren, & van den Berg, 1991). Dagnelie et al examined the
vitamin B12 status of infants on a macrobiotic diet and matched control infants on
omnivorous diets and found plasma vitamin B12 concentrations in the macrobiotic group
far below those of the control group (Dagnelie, et ah, 1989). Janelle and Bar reported that
the mean intake of vegetarian were below 70% of the RDAs for vitamin B12 (Janelle &
9

Barr, 1995). Fermented soy products, sea vegetables and spirulina were thought to be
good sources of vitamin B12 but these are unreliable sources which have resulted in less
than adequate nutritional status for those who rely on these foods for their sources of
vitamin B12 (Herrmann, Schorr, Purschwitz, Rassoul, & Richter, 2001; Janelle & Barr,
1995; Messina M. J., 1996). It is important that vegans include vitamin B12 fortified foods
and supplements in their diets.
d. Long-Chain Fatty Acid. Fatty fish, DHA enriched eggs, and sea
vegetables are the only rich and direct sources of the physiologically active long-chain n3 fatty acids, eicosapentanoic acid (EPA), and docosahexanoic acid (DHA). Therefore,
vegetarians who do not include these foods in their diet should consider taking
DHA/EPA supplement or include food high in alpha linolenic acid, the precursor of EPA
and DHA, such as flaxseed and walnuts, in their diet.
e. Iron. Plants foods contain mainly non-heme iron that is less
bioavailable while animal products contain the more bioavailable heme iron. Substances
that enhance non-heme iron absorption include vitamin C, other organic acids, and
fermented soy products while substances that inhibit non-heme iron absorption include
phytates, plant polyphenolics, soy protein, calcium phosphates, milk and egg, tea and
coffee, bran, and high zinc supplementation (Craig & Pinyan, 2001). Vegetarians should
be aware of these interactions in order to obtain better iron absorption.
f. Zinc. Protein-containing foods such as meat, fish and poultry have the
richest source of zinc. Similar with iron, high amounts of fiber and phytates can bind with
zinc and limit its bioavailability (Hunt, 2003; Janelle & Barr, 1995; Messina M. J., 1996;
Whitney & Rolfes, 1999). Ball assessed the zinc intake and status of Australian
10

vegetarians and found that the mean zinc intake of vegetarian women was significantly
lower (6.8mg vs 8.4mg in omnivores) than that of omnivores (Ball & Ackland, 2000).
Kramer analyzed the mineral content of lacto-ovo, lacto and vegan-vegetarian diets and
found that the zinc content was lower than that of the RDA (15 mg/day), and was
particularly low at the lower calorie intake levels (1700 kcal) of all diets (Kramer, et ah,
1984). Plant-based foods are high in fiber and phytates and so vegetarians should ensure
intake of zinc rich plant foods such as soy, legumes, seeds and nuts in their diet in order
to maintain adequate intake of zinc (ADA, 2003; Freeland-Graves, Ebangit, & Bodzy,
1980).
C. Reference Standards
1. The Recommended Dietary Allowances (RDA)
Since 1941, the RDA for vitamins, minerals, protein and energy served as
the basis for almost all federal and state food and nutrition programs and policies. As
such, it has been widely used for planning diets, providing nutrition education and
guidance, and as a standard for nutrition labeling and fortification. Because previous
RDAs were the only values available to health professionals, they were also used to
assess and plan the diets of individuals and population and to make judgment about
excess intakes both for individuals and groups. The RDAs however, are not always well
suited for all these applications. To avoid further misapplication, the Food and Nutrition
Board reflected upon updated scientific and statistical understanding and developed a
family of reference values collectively known as the Dietary Reference Intake (DRI)
(Institute Of Medicine, 2006).
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2. The Dietary Reference Intake (DRI)
The DRI framework is expanded to include methodologies for appropriate
uses of the nutrient values for individual as well as for groups. In contrast to the RDAs,
which involved establishing single values for each nutrient, adjusted for age, sex, and
physiological condition, the DRI features four reference values. These values represent a
significant paradigm shift in the way dietary reference values are established and used by
practitioners, educators and researchers. Unlike the RDAs, which focused primarily on
reducing the incidence of diseases of deficiency, the DRI values are also intended to help
individuals optimize their health, prevent disease, and avoid consuming too much of a
nutrient (Institute Of Medicine, 2006). The four reference values of the DRI include:
EAR, RDA, Adequate Intake (AI), and the Tolerable upper Intake level (UL). Most
nutrients have a set of DRIs. Often, a nutrient has an EAR from which the RDA is
mathematically derived. When an EAR for a nutrient cannot be determined, then an AI is
often developed. Many nutrients also have a UL.
Under this family of new reference values, the RDA is an estimate of the daily
average dietary intake that meets the nutrient needs of nearly all healthy individuals of a
particular life stage and gender group, while the EAR is estimated to meet the nutrient
needs of half of the healthy individuals in a particular life stage and gender group. Thus,
the RDA should not be used as a cut-point for assessing the nutrient intakes of groups
because it would seriously overestimate the proportion of the group at risk of inadequacy
(Murphy & Poos, 2002).
In addition, mean or median intake seldom can be used to assess nutrient
adequacy of groups. In the past, nutrient intake data have frequently been evaluated by
12

comparing mean intakes with RDAs. These studies that found mean intakes equal to or
exceeding the RDA often concluded that the group diets were adequate and conformed to
recommended nutritional standards. However, this is inappropriate because there may be
a considerable proportion of the group with intakes, though above the RDA, but is below
their requirements. Alternately, the proportion of a group with intakes below the RDA
might be inferred as deficient. Although the risk of inadequacy increases as intake falls
below the RDA, most individuals have requirements below the RDA, and therefore
cannot be assumed to be deficient if intake is below the RDA. In short, the RDA has no
role in evaluating the diets of groups. The prevalence of inadequacy depends on the shape
and variation of the usual intake distribution, not just on the mean intake (Murphy &
Poos, 2002).
3. Using the Estimated Average Requirement (EAR)
The EAR, being the average daily nutrient level that is estimated to meet
the requirement of half of the healthy individuals in a particular life stage and gender
group, is the primary reference point for assessing the adequacy of estimated nutrient
intake of groups (Murphy & Poos, 2002). Assessment of adequacy for groups using the
EAR can be done using three approaches: the full probability method, the EAR cut-point
method, and comparing the mean with the AT The full probability approach is a
statistical method that involves determining the probability of inadequacy of the usual
intake level for each person in the group and then averaging these individual probabilities
across the group to obtain an estimate of the group’s prevalence of inadequacy (Institute
Of Medicine, 2006). Practically, this approach will most likely be used only when the
EAR cut-point method cannot be used. The EAR cut-point method is a shortcut method
13

derived from the probability approach. Using this method, the proportion of the group
with intakes below the EAR will be similar to the proportion that does not meet their
requirement. In other words, the prevalence of inadequacy for the population can be
approximated by the proportion with usual intakes below the EAR (Institute Of
Medicine, 2006). The following conditions must be satisfied, however, to use the EAR
cut-point method.
> Intakes and requirements must not be correlated. This is true for most
nutrients but not so for energy; individuals with higher energy requirements
will have higher energy intakes.
> The distribution of requirements must be symmetrical about the EAR. This is
true for most nutrients but not so for iron. Blood (and therefore iron) losses
during menstrual flow vary greatly among women, and some women have
very high losses. As a result, the distribution of iron requirements is skewed,
and the EAR cut-point method cannot be used to assess the prevalence of
inadequacy.
> The variance of intakes must be larger than the variance of requirements. This
is thought to be true among groups of free-living individuals. However, this
assumption might not hold for groups of similar individuals who were fed
similar diets (for example, intakes of a large group of athletes at a training
facility who were provided with all of their meals at the facility may not vary
significantly from one individual to the next)
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4. Adjusting for Intra-Individual Variation
The variance or spread of nutrient intakes obtained from multiple dietary
assessments from individual members of a group will reflect differences both between
individuals and within individuals (on any given day, a individual could eat much more
or much less of a nutrient than usual). To obtain a distribution of usual intakes for a
group, the distribution of observed intakes (i.e., that obtained from the 24 h recall) must
be adjusted to remove the effects of within-person variability, so that the distribution
reflects only between-person variability. Failure to adjust the intake distribution to obtain
the usual intake will lead to incorrect estimates of the prevalence of inadequate nutrient
intakes (Food and Nutrition Board, 2000a).
D. Use of EAR in Nutrient Assessment
In the executive summary of the Dietary Guidelines of Americans 2005, it was
reported that dietary intakes of Americans for the following nutrients might be low
enough to be of concern for:
Adults: calcium, potassium, fiber, magnesium, and vitamins A (as carotenoids),
C, and E. Children and adolescents: calcium, potassium, fiber, magnesium, and vitamin
E. Specific population groups: vitamin B12, iron, folic acid, and vitamins E and D
("US Department of Health and Human Services & US Department of Agriculture (2005)
Dietary Guidelines for Americans 2005,"). It was thus noted that there was high
prevalence of inadequacy for vitamin E, magnesium, calcium and potassium among all
children, adolescents and adults.
Several studies that used the EAR in assessing nutrient adequacy among different
populations also showed high prevalence of inadequacy for vitamin E and magnesium.
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Sebastian et al. reported that among older adults, both supplement users and nonusers had
high prevalence of inadequacy (above 50%) for folate, vitamin E, and magnesium from
food sources alone. Supplementation compensated to some extent but only an estimated
half of this population used supplements daily (Sebastian, Cleveland, Goldman, &
Moshfegh, 2007).
Suitor et al. (Suitor & Gleason, 2002) used data from the US Department of
Agriculture 1994-1996 Continuing Survey of Food Intake by Individuals to estimate the
prevalence of inadequate usual intakes of nutrients of school-aged children. The authors
showed that nearly four-fifths of all school-aged children did not meet the EAR for
vitamin E, one-half did not meet the EAR for folate, one-third did not meet the EAR for
magnesium and one-fifth did not meet the EAR for phosphorus. Suitor argued that when
large percentages of children had intakes below the EAR (especially for vitamin E,
phosphorus, and magnesium), it might mean that many children were at risk of deficiency
of the nutrients relative to the EAR, or that intakes were underestimated or that the EAR
may need to be evaluated.
O’Neil et al. (O'Neil, Nicklas, Liu, & Franklin, 2009) examined the impact of
dairy product consumption (<=1, >1 to <=2, >2 servings) on nutrient adequacy of lowincome women and found that higher level of dairy product consumption (>2 servings)
were associated with improved intakes of Calcium and Magnesium, which had been
identified as shortfall nutrients in the diets of adults. Prevalence of inadequacy however,
remained high for vitamin E and potassium regardless of the different levels of dairy
consumption.

16

Among female students in Brazil, Morimoto noted inadequate intakes of folate
(99%), zinc (47%) and copper (33%) in this population. Calcium intake was less than the
Adequate Intake for approximately 95% of the students (Morimoto, Marchioni, &
Fisberg, 2006). Arab and colleagues, who, based on the Third National Health and
Nutrition Examination Survey data, estimated that more than 90% of women aged 20 to
50 years have inadequate folate intake (Arab, Carriquiry, Steck-Scott, & Gaudet, 2003).
Lewis and colleagues (Lewis, Crane, Wilson, & Yetley, 1999) also suggested that a large
proportion of women had inadequate folate intake and required supplementation. Caution
is required, however in interpreting the high prevalence of inadequacy of folate. This is
because the EAR cut-point method does not produce reliable estimates of the prevalence
of nutrient inadequacy when the true prevalence is either very high or very low
(Carriquiry, 1999; Food and Nutrition Board, 2000a).
With the same reasoning as above, Arab and colleagues (Arab, et ah, 2003), who
found in their study that the majority of women had inadequate intakes for vitamin E
regardless of ethnic group, also suggested similar cautious interpretation for vitamin E. In
addition, it was suggested that the high prevalence of vitamin E could be due to the DRIs
being set too high or that the intakes were underestimated since the amounts and types of
fat added during cooking were often unknown and not accounted for (Food and Nutrition
Board, 2000b).
There was one study that examined the nutrient intake of vegetarians and non
vegetarians in British Columbia using the EAR cut-point method (Bedford & Barr, 2005).
Unlike the other populations that presented high prevalence of inadequacy for
magnesium, this study showed that vegetarians were less likely to have an inadequate
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intake of magnesium, and female vegetarians were also less likely to have inadequate
intakes of folate, vitamin C, thiamin and vitamin Be. The prevalence of inadequate
intakes for vitamin B12 was similar between vegetarian and non-vegetarians in this
population. This was likely due to the fact that almost all of this small sample of
vegetarians used dairy products and eggs, as well as to the high prevalence of B-vitamin
supplementation used among this population. Vitamin E was not one of the nutrients
assessed in this study.
In summary, similar to the report from the Dietary Guidelines of Americans 2005,
studies assessing adequacy of diets using the EAR have shown high prevalence of
inadequacy for vitamin E, magnesium and calcium in different populations. One study
showed a lower prevalence of inadequacy for magnesium among vegetarians but more
research is needed to determine if vegetarians, similar to other populations, also have
high prevalence of inadequacy for vitamin E, magnesium and calcium.
E. How Past Food Guides Were Developed
1. USDA Food Guide
From the Basic Seven Food Guide to the Basic Four of the 1950s and the
Hassle Free Guide of 1979, it is the objective of food guides to translate dietary standards
and recommendations into simple nutrition education tools that are useful to consumers.
With the advancement in scientific knowledge on the relationship between diet and
chronic diseases, recent food guides developed by USDA (the latest ‘Mypyramid’ in
2005) were established to fulfill a number of philosophical goals:
> Focus on overall health, not just to prevent or treat specific diseases;
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> Be based on the most recent, authoritative dietary standards, and food
composition and consumption data;
> Address the total diet rather than a foundation diet targeting nutrient
adequacy only and
> Build on successful elements of previous guides.
In the developmental process, food groupings for the guide were based on nutrient
content of foods, customary use of foods in meals, and how foods were grouped in past
food guides. Number of servings to recommend from each food group was based on the
following guidelines: 1) to assure nutrient adequacy, and 2) to focus on concern about
moderation. Finally, consumer research was also an important component of the
developmental process. This was to ensure that food guide messages were understood by
and useful to consumers.
With all that was done to promote consumer awareness, there was still a gap
between nutrition knowledge and eating behaviors. Cleveland et al. identified that large
proportions of adults (43-72% respectively) from a national representative sample failed
to meet dietary recommendations for the Pyramid fruit and dairy groups (Cleveland,
Moshfegh, Albertson, & Goldman, 2000). Munoz et al also reported that about 30% of
the national sample of children and teens failed to meet dietary recommendation for fruit,
grain, meat, and dairy and 36% for vegetable groups (Munoz, Krebs-Smith, BallardBarbash, & Cleveland, 1997). Though we acknowledged this gap between nutritional
knowledge and eating behavior, some questions remained to be answered. Would strict
adherence to the recommendations for amounts and types of foods to eat result in meeting
100% of the DRI for vitamins and minerals? Or would those that met 100% of the DRI
19

requirement for vitamins and minerals also have met the recommendations for the
amounts and types of foods to eat? More research is needed to answer these questions.
The purpose of food guides is to translate nutritional standards into guidelines for
making daily food intake meet nutritional requirements (Welsh, 1992). So far, nutrient
standards are typically based on data derived from studies involving non-vegetarian diets,
and are targeted toward the non-vegetarian population in the United States and other
developed countries. With the growing interest in vegetarianism over recent decades
(Sabate, Duk, & Lee, 1999), studies conducted in healthy vegetarian populations
provided valuable information that could be used in developing guidelines for healthful
eating and also the vegetarian food guide (Haddad, Sabate, & Whitten, 1999).
2. Vegetarian Food Guide
Variety of dietary patterns and food availability in different areas
however, pose challenges in determining recommended types and amounts of food for a
guide. This is especially so when devising food guides for vegetarians who, compared to
omnivores, have fewer food groups from which to choose. Despite this, many vegetarian
food guides have been developed to provide vegetarians with a practical plan in food
selection, given the growing interest in vegetarianism over recent decades. These guides
vary in their emphasis, food grouping, serving recommendation ("Food Guide Pyramid
for Vegetarian Meal Planning," 1997; Hever, 2010; Vegetarian Diet: How to get the best
nutrition," 2010), and how the number of servings for each food group was computed.
Mutch (Mutch, 1988) reviewed and evaluated several older food guides for
vegetarians, especially strict vegetarians, using the criteria of nutritional adequacy and
educational utility. Several different methods were used: Chaij (Chaij-Rhys, 1980) used a
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7-day menu while Calloway (Robertson L, Flinders C, & Godfrey B, 1976) developed a
protein balance formula; Elizabeth Smith (Smith, 1975) derived trial menus for 1 wk for
an adult reference male and Martin (Martin & Coolidge, 1978) modified on Chaij’s plan
using a 1-day menu. All these were based on the food group approach and were evaluated
for their nutrient contribution of protein, calcium, iron and energy. None of the pattern
described above provided sufficient energy to meet the RDA.
Haddad (Haddad, 1994) developed a vegetarian food guide pyramid during the
second international congress of vegetarian nutrition. It was meant to teach interested
individuals how to plan an adequate vegetarian diet. The nutrient analysis on constructed
food groups were used to estimate types and quantities of food to be included in the daily
diet to achieve nutrient adequacy. The approximate nutrient contributions of the different
dietary patterns for each gender and age group were calculated by multiplying the mean
values of the nutrients from the different food groups by the suggested number of
servings from each group for each of the dietary patterns. The number of servings
required daily from each group was thus manipulated in order to obtain total intakes that
were consistent in providing a minimum intakes of at least 90% of the RDAs for all
nutrients.
Subsequently, a subcommittee that comprised of researchers from academia or
practitioners with expertise in vegetarian nutrition met and introduced a new (de novo)
and innovative vegetarian food guide at the third congress. This thirteen member
international group of contributors, with diverse vegetarian philosophies and practices,
discussed and reviewed recent epidemiological and experimental research on vegetarian
diets and arrived at the pyramid-shaped vegetarian food guide on a consensus-building
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process (Haddad, et al., 1999). The pyramid-shaped graphic was chosen because of its
current usage and familiarity to consumers. The food groups were arranged in tiers on the
basis of their relative quantitative contribution to the diet. Five major plant-based food
groups (whole grain, legumes, vegetables, fruit, nuts and seeds) form the trapezoid
shaped lower portion of the pyramid while four optional food groups (vegetable oils,
dairy products, eggs and sweets) form the smaller, separate, triangle-shaped top portion
of the pyramid. Depending on the health beliefs of individual vegetarians, one or more of
these optional food groups can be included in the diet. No serving amount was
formulated for each food groups during the exercise. Other factors that influence health
such as physical activity, moderate exposure to sunlight and water intake, and the need
for vegans to include vitamin B12 supplementation were also included in the graphics.
Later, effort was directed toward determining the daily number of servings of
foods needed (from the different food groups) to insure nutritional adequacy while
following the recommendations of this food guide. Unlike the previous guide, the number
of serving per day for each food group was computed from menus or cookbooks of
vegetarians from seven different cultural dietary patterns (Whitten, 2001).
Messina and colleagues had also developed a food guide for North American
vegetarians. They used the food group approach but included expanded choices of
calcium-rich foods within each food group to help vegetarians choose the right foods to
meet calcium needs. It was not reported how the number of servings for each food groups
were determined (V. Messina, Melina, & Mangels, 2003).
Venti and Johnston (Venti & Johnston, 2002) modified the USDA Food Guide
Pyramid by adding four subgroups of foods to encourage consumption of foods that
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particularly address nutritional concerns of vegetarians. Serving sizes were as defined by
the USD A Food Guide Pyramid and the number of servings from each food group was
adjusted so that collectively, the food guide met the nutrient needs of vegetarians.
Nakamoto et al. (Nakamoto, et ah, 2009) recently developed a new Japanese
vegetarian food guide. This guide was developed by collecting dietary information from
3 different institutions in Japan that specialized in regularly offering vegetarian meals.
Food composition tables were collected from each institution for a total of 8 weeks, with
each of the 4 seasons being represented by 2 weeks of information. The average nutrient
composition of the 6 food groups (Vegetables, grains, protein foods, milk, fruits, and fats,
sugars, and seasoning) was determined by estimating the mean value of each of the 3
institutions’ average nutrient composition for all 8 weeks. The average nutrient
composition was then adjusted to provide at least 100% of the RJDAs for selected
nutrients (Energy, protein, fat, carbohydrates, vitamin A, Bj, B2, C, calcium, iron,
potassium and salt).
Thus far, we see that the daily number of servings for most vegetarian food guides
were estimated based on what we think people will eat as reflected in menus and
cookbooks. It will be a novel approach to use the actual intake pattern of a healthy, low
risk vegetarian population to compute the daily number of servings for each food group
of the food guide. The selection of such low risk population is described below.
F. Adventist and Vegetarians and Their Optimal Diet
An adequate diet is defined as a diet that prevents nutrient deficiencies by
providing sufficient nutrients and energy for human growth and reproduction. An optimal
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diet, in addition the same benefits of the adequate diet, also promotes health and
longevity, reducing the risk of diet-related chronic diseases (Sabate, 2003a).
Epidemiological studies have shown that Adventists have lower risks of most
cancers, cardiovascular diseases (CVD) and diabetes and have longer lifespan (Butler, et
ah, 2008). As such they have been referred to in many studies as a low-risk population
(Beeson, Mills, Phillips, Andress, & Fraser, 1989; Fraser, Strahan, Sabate, Beeson, &
Kissinger, 1992; Mills, Beeson, Phillips, & Fraser, 1991; Singh & Fraser, 1998).
Population studies have also shown that vegetarians enjoy remarkably good health,
exemplified by low rates of obesity (Appleby, Thorogood, Mann, & Key, 1998; T. Key &
Davey, 1996; Singh & Lindsted, 1998), coronary diseases (Fraser, Lindsted, & Beeson,
1995; Snowdon, Phillips, & Fraser, 1984; Thorogood, Mann, Appleby, & McPherson,
1994), diabetes (Snowdon & Phillips, 1985), and many cancers (Mills, Beeson, Phillips,
& Fraser, 1994; Phillips, et ah, 1980; Thorogood, et ah, 1994), and increased longevity
(Fraser, 1999; Singh, Sabate, & Fraser, 2003; Snowdon, 1988). It had been suggested that
these benefits are possibly due to the absence of meat in the diet as well as to a greater
amount and variety of plant foods (Willett, 1999). Other studies have also shown that
vegetarians compared to non vegetarians have lower blood pressure (Beilin, Rouse,
Armstrong, Margetts, & Vandongen, 1988) and better cardiovascular risk profiles (Chen,
et ah, 2008).
Following the above characteristics of Adventist and vegetarians, the diet of these
two populations may be deemed optimal judging from the health benefits and longevity it
confers. Using the daily number of serving of the actual intake (from the different food
groups) of a group of Adventist, who are also vegetarians, to recommend the serving
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amount for a vegetarian food guide is a plausible option. Moreover, further selection of a
subgroup from this Adventist vegetarian population who have adequate nutrient intake
for selected nutrients will leave us with a group of vegetarians that has both an optimal
and also, an adequate diet. Serving recommendation computed from dietary intake from
this subgroup may serve as a good reference for a vegetarian food guide pyramid.
G. Conclusions
With a family of new dietary reference values, the vegetarian diets should be
reassessed to identify its prevalence of nutrient inadequacy. If the assessment is to be
done on an individual, the RDA should be used whereas the EAR should be used if we
are assessing groups. Serving recommendation computed from dietary intake of low risk
vegetarian population that has both an optimal and adequate diet may serve as a good
reference to estimate the daily number of serving for the different food groups of a
vegetarian food guide pyramid.
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CHAPTER 3
METHODS

A. Adventist Health Study-2: Study Design
The Adventist Health Study-2 (AHS-2) is a prospective cohort study designed
primarily to investigate the relation between diet and cancer outcomes. Compared to
other Western populations, AHS-2 participants have a variety of dietary patterns ranging
from omnivores, semi-vegetarian, lacto-ovo vegetarians and vegans. In addition, because
the church also prohibits the use of alcohol and tobacco, these potential confounders are
nearly eliminated (Butler, et ah, 2008). The AHS-2 cohort includes adult members of
Seventh-day Adventists churches throughout the USA and Canada. More than 25, 000
cohort members are black of US and Caribbean descent while the remaining subjects are
of other races, of which the majority is non-Hispanic white.
B. Adventist Health Study-2 Calibration Study: Study Design
An AHS-2 calibration study was conducted during 2003 to 2007 on a subgroup of
the AHS-2 cohort. Description of the calibration study cohort is shown in Table 3.1.
Participants in the calibration study were randomly selected from the parent cohort by
church, and then subject-within-church (Jaceldo-Siegl, et ah, 2010). Participating
churches in USA and Canada included those located in the following states and
provinces: (AB (Canada), AL, AR, AZ, BC (Canada), CA, CO, FL, GA, IA ID, IL, IN,
KS, KY, LA, MA, MD, ME, MI, MN, MO, MS, MT, NC, ND, NE, NJ, NV, NY, OH,
OK, ON (Canada), OR, PA, QC (Canada), SC, SK (Canada), TN, TX, VA, WA and WI).
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Table 3.1 Age and Gender Characteristics of Study Population
All
Vegan (N=66)

Lacto-ovo
Vegetarian
(N=331)

NonVegetarian
(N=595)

Female

Male

Female

Male

Female

Male

N

992

42

24

218

113

400

195

Age Range in
years
31-50
51-70

267

6

5

24

137

49

471
254

15

9

46
102

54

195

96

21

10

70

35

68

50

>70

The duration of the calibration study for each subject was 9-12 months. Each
subject provided a set of three variably timed 24-hour dietary recalls (one Saturday, one
Sunday and one weekday intake) during the first two months, and then duplicated the
same protocol approximately six months later to capture potential seasonal variation in
food intake (See Figure 3.1). The institutional review board of Loma Linda University
approved the study and all subjects gave written informed consent.
C. Dietary Assessment
Data collection of the 24-hour dietary recalls was described previously (JaceldoSiegl, et ah, 2009). Briefly, recall interviews were unannounced and obtained by
telephone. Each participant received two-dimensional food portion visuals (2D Food
Portion Visual; Nutrition Consulting Enterprises, Framingham, MA, USA) to assist with
portion size estimates. Trained dietitians used standard protocol and a multiple-pass
approach methodology to collect detailed information on all foods, beverages, and
supplements taken by each subject during the previous 24 hours. Each recall interviews
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data were entered using the Nutrition Data System for Research (NDSR) software version
4.06 or 5.0 (The Nutrition Coordinating Center, Minneapolis, MN, USA) and the
conversations were digitally recorded for subsequent quality check. An experienced
research dietitian later evaluated randomly selected recall interviews (~5 % of all) and
compared them with the recording, as a quality control measure.
Nutrient composition of foods reported from the 24 hour recalls were based on the
NDSR 2008 database (The Nutrition Coordinating Center). For foods and supplements
not found in the NDS database, considerable effort was made to produce complete
nutrient data. Ingredient and nutrient information were obtained from the US Department
of Agriculture, manufacturers, and the Caribbean Food and Nutrition Institute. In
addition, recipes for home-cooked vegetarian dishes, home-made and commercial soy
and nut milks and commercial meat analogues frequently consumed among the study
population were created.
D. Statistical Analysis
1. Defining Vegetarian Status
Owing to the fact that there was often trace amount of ingredients from
animal products in most food, it would be hard to define a vegans (total vegetarian) diet
as one with zero amount of flesh meat or any meat products. Upon analyzing each food
group’s distribution, and from a biological and statistical standpoint, total vegans were
defined as those with less than one serving per week of flesh meat, or meat products, and
egg or egg products, and milk or dairy products. Lacto-ovo vegetarians were defined as
those with less than one serving per week of flesh meat or any meat products and one or
more than one serving per week of egg or egg products, or milk and dairy products. Non28

vegetarians were defined as those with one or more than one serving per week of flesh
meat or any meat products. The above classification of vegetarian status was in line with
previous AHS-2 publication (Chan, Jaceldo-Siegl, & Fraser, 2009).
2. Separating Nutrients from Food and Supplement
The purpose of this nutrient analysis was to examine the nutrient intake
of the population from food alone, thus certain nutrients obtained from supplements were
separated and omitted in the analysis. These nutrients included calcium, vitamin D,
eicosapentaenoic acid (EPA), and docosahexaenoic acid (DHA), vitamin C, folate, iron,
retinol, beta-carotene, vitamin E, and vitamin B12.
3. Weighting the Dietary Recalls
Participants who completed five to seven 24-hour dietary recalls were
included in the analysis. Within each of the two sets of 24-hour dietary recalls, each day
was weighted appropriately to produce a synthetic week (IX Saturday intake, 1 X
Sunday intake and 5 X weekday intake) and then divided by 7 to obtain mean daily
nutrient estimate. For those who completed six 24-hour recalls, mean daily intake was
calculated by dividing the total of the two synthetic weeks by 14. For those with 5 recalls
(where there was one missing day), we used another day‘s recall that most closely
represented the missing day as a substitute. For example, if a weekday was missing, the
other weekday recall was doubled to substitute the missing one. If a Saturday was
missing the other Saturday’s recall was substituted. For those with 7 recalls (where there
was an extra day), all the days that it represented were weighted by 2/3. For example, if
there were 3 Sunday recalls, these recalls were then weighted as 2/3 of each Sunday.
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Figure 3.1 Timeline for AHS-2 Calibration Study
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4. Statistical Adjustment to Remove Intra-Individual Variability
The EAR and AI for the various nutrients are stratified by different gender
and age range. Thus study participants were grouped according to the same stratification
of gender and age range (31-50, 51-70 and > 70 yrs old).
All daily intake data were log transformed to remove skewness typically observed
in the distribution of daily intake. The measurement error model was used to adjust for
intra-individual variability (Food and Nutrition Board, 2000a). This measurement error,
in a statistical sense, denotes a deviation from the usual intake.
Described below is the statistical formulation to adjust for intra-individual
variability and to compute the probability of inadequacy using the EAR cut-point
method.
The cumulative distribution of a nutrient intake, W, was given as F(-) and WLEAR
as the recommended dietary reference of the nutrient. An estimate of the proportion of
people who consumed a certain nutrient less than the EAR was expressed by an empirical
CDF (N is the number of subjects):

F{WEiR)

Number of subjects whose W <W,EAR
N

With the distribution of the nutrient intake following a normal distribution (after log
transformation) and with mean=/^ and variance= cr2, then F(WEAR) was estimated as:

F(irEM)=<i>
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where <!>(•) is the cumulative density function (CDF) of the standard normal distribution.
The parameter n and cr2 was estimated by the sample mean and sample variance. Since
there were repeated 24h recalls (each set of 3 recalls as one synthetic week and so we
have two synthetic week as a result), we removed the within-subject variance using a
measurement error model as follows.
Let Y{j be a nutrient intake of theyth measurement (y = 1,2, • • •, A:) of the zth
subject ( / = 1,2,- - • ,72), bi as the “true” intake of the zth subject, and

as the within-

subject error:

where we assumed that

and sr were independent. The mean intake of the zth subject,

, was then given as:

Yi-\n,{bi+eii)-bi+\llsii
ZC j—\

K j-\

The variance of T. was then given as:

Var(Yl.) = Var\bl+jteiJ
V

because bj and

H * i
1
Var (bi) + Var — ^ ei} = Var (^ ) + — Var ()

{k M )

^M

k

are independent of each other. So, the between-subject variance was

given as
Far(b,) = Far

Far (^)
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where Var(s/yj was the within-subject variance, which was the mean of n subjects’
variance:
n

Var(SlJ)

k

1=1 7=1

and Var(Y^ as the variance of mean intake of n subjects.
Thus, the estimated proportion of people who consume a certain nutrient less than the
EAR was expressed as

f(wear) = ®

Wear

o'

A

J

where // is the mean nutrient intake of n subjects, and cr = Varfy).
5. Calculation of Prevalence ofInadequacy
Prevalence of inadequacy was assessed by comparing nutrient intake of
groups to a reference using 3 approaches: 1) The full probability approach (for nutrient
with non-symmetrical distribution of requirement), 2) the EAR cut point method (for
those nutrients with EAR) and 3) comparing the mean intake with the AI (for those
nutrients without an EAR).
The full probability approach was used to assess the prevalence of inadequacy for
iron since menstruating women will have skewed distribution of iron requirement. We
computed the prevalence of inadequate intake of iron with reference to the percentiles of
the iron requirements distribution of various age/gender groups from the Institute of
Medicine report (Food and Nutrition Board, 2001).
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The AHS-2 calibration study cohort consists of free-living individuals. Criteria
for using the EAR cut-point method include: 1) that intake and requirement are not
correlated, 2) the distribution of requirement are symmetrical about the EAR and 3)
variance of intake is greater than variance of requirements (Murphy, Barr, 8c Poos, 2002).
Assuming all three conditions were met, we applied the EAR cut point method on 13 of
our nutrients with an EAR (vitamin A (as Retinol Activity Equivalents (RAE)), vitamin
C, vitamin E (as Alpha Tocopherol), vitamin B12, thiamin, riboflavin, niacin (as Niacin
Equivalent (NE)), folate (as Dietary Folate Equivalent (DEE)), copper, magnesium,
phosphorus, selenium and zinc) where we approximated the prevalence of inadequacy by
the proportion with usual intakes below the EAR.
For those 8 nutrients with no EAR values (vitamin D, K, calcium, chromium
pantothenic acid, manganese, linoleic acid (LA) and alpha linolenic acid (ALA)) we
compared the mean or median intake of the group with the AT Groups with mean or
median intakes at or above the AI can generally be assumed to have a low prevalence of
inadequate intakes. If group mean intake is below the AI, nothing can be concluded about
the prevalence of inadequacy.
E. Vegetarian Food Guide Pyramid and its Food Groups
We followed the food grouping of the vegetarian food guide pyramid developed
during the third international congress of vegetarian nutrition (See Figure 3.2) (It consists
of 9 food groups). We focused on eight of the food groups namely: Grains, Legumes,
Fruits, Vegetables, Nuts and Seeds, Vegetable oil, Dairy Products and Eggs (Sweets are
omitted). Using the NDSR food grouping system, individual foods from the 24-hour
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recall were aggregated into these eight food groups of the food guide pyramid. Examples
of the type of foods to be included in these food groups are listed below.
> Grains: Whole and refined grains, flours, pasta, bread, cakes, pastries, pan
cakes, cereal, snack bars, snack chips.
> Legumes: Beans, soy, soy products.
> Vegetables: Tomatoes, dark vegetables, potatoes, starchy vegetables,
Other vegetables, Vegetables juice
> Fruits: Citrus Fruits, Non Citrus Fruits, Fruit Juices (Citrus and Non
Citrus), Dried Fruits,
>

Nuts: All Nuts, Seeds, Nut butter and Seed butter

> Vegetable Oil: Oil, Margarine, Oil spray, Salad dressing and Shortening
> Eggs: Eggs and its Products
> Dairy: Milk and its Products
Eleven food subgroups, though not listed in the food guide, were included in the
analysis. They were: whole grains, beans, soy and soy products, citrus fruit, non-citrus
fruit, fruit juice, dark green vegetables, dark colored vegetables, starches, potatoes, and
vegetable juices. These were important subgroups of the main food groups and
examining these subgroups allowed us to further understand the dietary choices of the
population.

35

Sweet*

Diiiiy

Opl ional
\'e^et;il>[e Oils
Suis am] Sccils

\

- •: ' - :

ssS&M
:
'
\ r«-li l-U- s •< 11 r i; r til •.ilantirt 111 ^ Omtslil ht; iiirUnI^sl if nti .1 tiri. or c l‘11 ^ urn. t tiiKittm tl

Figure 3.2: Vegetarian Food Guide Pyramid Developed During the Third International
Congress of Vegetarian Nutrition

Eleven food subgroups, though not listed in the food guide, were included in the
analysis. They were: whole grains, beans, soy and soy products, citrus fruit, non-citrus
fruit, fruit juice, dark green vegetables, dark colored vegetables, starches, potatoes, and
vegetable juices. These were important subgroups of the main food groups and
examining these subgroups allowed us to further understand the dietary choices of the
population.
Part of the challenge in grouping the foods in their individual food groups was the
source of protein and fats. NDSR included all foods whether it was plant or animal based
while the vegetarian food guide focused on the plant based foods. Thus the sources of
vegetable oils and soy and soy products were not clearly defined for comparison. So
foods such as the non-dairy milk, non-dairy cheese, non-dairy yogurt and meat
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alternatives had to be cautiously separated into their right food groups. Non-dairy milk
made from rice was grouped under grains while those made from soy was grouped under
legumes. Referring to most ingredient list, approximately one third of non-dairy cheese
was soy products and thus one third of non-dairy cheese was assigned as legumes. Non
dairy dessert was separated into fruits or soy based. Lastly, NDSR break down meat
alternatives into their component levels such as grain, soy, fat, sugar etc so no further
segregation was needed.
The serving size assignment of the NDSR serving count analysis and the
vegetarian food guide pyramid were both based on the recommendations made by the
Dietary Guidelines for Americans 2005 (Grains: XA cup cooked cereal, 1 slice of bread;
legume: Vi cup cooked or refried beans; fruit: 1 medium apple, A cup cooked or can
fruits; vegetables: 1 cup raw, Vi cup cooked; nuts: 1 ounce nuts or seeds, 2 tablespoon nut
butter; vegetable oil: 1 tablespoon; eggs: 1 large egg, 2 large egg whites; dairy: 1 cup of
milk or yogurt, 2 ounces process cheese).
Serving size recommendations were similar between NDSR serving count and the
food guide except for fruit and vegetable juices, nuts and seeds, and vegetable oil. Half
cup of juice was one serving for NDSR while one serving was 3/4 cup in the vegetarian
food guide. So serving counts of all juices from NDSR were reduced by a third in order
to have a correct comparison with the food guide pyramid. Half ounce of nuts and seed
and 1 tablespoon of nuts and seeds butter was one serving in NDSR but these were 1
ounce and 2 tablespoon respectively in the food guide. Daily number of serving was thus
reduced by half in NDSR for nuts and seeds. Oils was converted to 1/3 and salad
dressings multiplied by 2 in NDSR. This was to adjust for differences in the serving size
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between NDSR and the food guide (1 serving of oil and salad dressing was 1 teaspoon
and 30g in NDSR, 1 tablespoon and 14g in food guide respectively).
F. Steps to Computing the Daily Number of Servings for the Food Guide Pyramid
As mentioned previously, the establishment of the different food groups to be
included in the vegetarian food guide was based on epidemiological and experimental
evidences from low risk populations. We attempted to take a step further now to use the
intake pattern of a low risk population to compute the number of serving for the food
guide pyramid.
1. Selection of Low-Risk Population
The low risk population selected was the Adventist vegetarian, known to
have an optimal diet that conferred lower risk of many chronic diseases and longer
lifespan. We examined both the quality (type of food eaten from the different food
groups) and quantity of food (in terms of number of serving) consumed by this
population.
2. Selection of Subgroup from Low-Risk Population with Adequate Intake
A subgroup of Adventist vegetarian, with nutrient intake above the
EAR/AI of selected reference nutrients, was identified. This subgroup was considered as
having both an optimal and adequate diet. Reference nutrients were selected based on the
following criteria: 1) Nutrients that the Adventist vegetarian population were inadequate
in as reflected in the nutrient assessment (Magnesium, zinc and vitamin A). 2) Nutrients,
which vegetarians were known to be inadequate in as reported in previous studies
(Protein and iron). 3) Other nutrients of interest - vitamin C, thiamin, riboflavin, niacin,

38

folate, copper, phosphorus, selenium and manganese. This subgroup was referred to as
the reference nutrient group.
3. Beyond Reference Nutrients
In the executive summary of the Dietary Guidelines of Americans 2005, it
was reported that there was high prevalence of inadequacy for vitamin E among all
children, adolescents and adults. ("US Department of Health and Human Services & US
Department of Agriculture (2005) Dietary Guidelines for Americans 2005," 2005) Other
nutritional studies had shown similar results (Arab, et al., 2003; O'Neil, et ah, 2009;
Sebastian, et al., 2007; Suitor & Gleason, 2002). This concern applied to Calcium and
Alpha Linolenic Acid (ALA) too (Albrecht & Nagy-Nero, 2009). However, because of
the population’s high level of inadequacy of these nutrients, adding them in the reference
nutrient list greatly reduced the sample size of the reference nutrient subgroup. We did
not want to disregard meeting nutrient adequacy of these nutrients; therefore we included
vitamin E, calcium and ALA subgroups to augment their serving quantity contribution to
the reference nutrient group
So besides the reference nutrient subgroup, the type and amount of food taken by
the three subgroups were considered along with the reference nutrient subgroup in the
estimation of the daily number of serving. The vitamin E subgroup were those with their
intake of vitamin E above the EAR while the calcium and ALA subgroups were those
with their intake of calcium and ALA above their Al respectively. In the vitamin E,
calcium and ALA subgroups, we also examined the major food sources (from the
different food groups) that contributed the most for these nutrients.
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4. Statistical Analysis
All dietary intake data were log transformed to reduce possible skewness
typically observed in the distribution of daily intakes. The mean number of servings per
day (and the standard deviation) from the eight main food groups and their eleven
subgroups were generated for the reference nutrient, vitamin E, calcium and ALA
subgroups. These means were adjusted for energy, age and gender. The mean and +/- 2
standard deviation were then transformed back using anti-log. Under a normally
distributed curve, 95% of the distribution lies between 2 standard deviation of the mean,
which in this case represented the number of serving of the food consumed by 95% of the
population. The value of the mean minus 2 standard deviation and mean plus 2 standard
deviation of all the subgroups were then used as the basis to estimate the lower and upper
limit respectively of the range for the recommended daily number of servings for the
different food groups.
We used the following protocol to derive the lower and upper limit. The values of
the mean minus 2 standard deviation of the four subgroups for each food groups
(depending whether that food group is the major food source of vitamin E, calcium or
ALA (refer to Table 3.2) were compared and the highest value (rounded off) was selected
to represent the minimum limit of the range for the daily recommended number of
servings for the food groups. For example, nuts and seeds are major food sources for
vitamin E and ALA. The highest value of means minus 2 standard deviation among the
reference nutrient, vitamin E and ALA subgroups was 0.95 (rounded off as 1) from the
vitamin E subgroup (See Table 3.3). This value was selected to be the minimum limit of
the range of the recommended number of serving for nuts and seeds. In the same way, the
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highest value of the mean plus 2 standard deviation (which is 2.12 (rounded of as 2) from
the vitamin E subgroup) will represent the maximum limit of the range for the daily
recommended number of servings for nuts and seeds. This method of comparison was
then repeated to the remaining food groups to determine the minimum and maximum
limit for each food group.
Table 3.2 Contribution of Food Groups to Vitamin E, Calcium & Alpha Linolenic Acid
Subgroups
Reference
Nutrient
(N=148)
Grains
Legumes
Fruits
Vegetables
Nuts and
Seeds
Vegetable Oils
Eggs
Dairy

Vitamin E
(N=l 14)

Calcium
(N=45)

%

%
%
%
%

%
%

Alpha
Linolenic
Acid
(N=249)

%
%

%
Reference to Table 3.2, only data from food groups that are major sources of each nutrient are presented.
Bold -- The selected lower and upper limit
Final range: Selected lower and upper limit rounded off

G. Measuring Tool
1. Nutrition Data System for Research (NDSR)
Specifically designed for research purposes, is a Windows based dietary
analysis program designed for the collection and analyses of 24-hour dietary recalls and
the analysis of food records, menus, and recipes. Calculation of nutrients occurs
immediately providing data per ingredient, food, meal, and day in report and analysis file
formats.
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Table 3.3 Means and Standard Deviation (+/- 2SD) of the Number of Servings for Each
Group. Comparison between the Different Subgroups: Reference Nutrients, Vitamin E,
Calcium, and Alpha Linolenic Acid
Alpha
Linolenic
Acid
(-2
(+ 2
SD)
SD)

Final
Range

Reference Nutrients
(-2
(+ 2
Mean
SD)
SD)

Vitamin E
(-2
(+ 2
SD)
SD)

Calcium
(-2
(+ 2
SD)
SD)

Grains

7.39

5.47

9.97

5.16

6.05

11.94

612/day

Legumes

2.08

1.84

2.34

2.34

2.64

2-3/day

Fruits

3.71

2.86

4.81

2.14

4.76

3-5/day

Vegetables

4.48

3.82

5.26

3.22

5.64

2.51

5.58

4-6/day

Nuts
Vegetable
Oils

1.06

0.56

2.01

0.95

2.12

Foodgroups

1.57

1.20

11.02

2.08

0.34

1.88

1 -2/day

1.27

2.05

1-2/day

1-2/wk
Eggs
Dairy
2-3/day
1.95
2.92
1.31
0.88
1.95
Product
Reference to Table 3.2, only data from food groups that are major sources of each nutrient are presented.
Bold — The selected lower and upper limit
Final range: Selected lower and upper limit rounded off
0.22

0.17

0.28

2. Estimated Average Requirement (EAR)
The average daily nutrient intake level that is estimated to meet the
requirements of half of the healthy individuals in a particular life stage and gender group.
When assessing diet for groups, it is used as part of the EAR-cut-point method to
determine the prevalence of nutrient inadequacy within a group
3. Vegetarian Food Guide Pyramid
The purpose of the Vegetarian Food Guide Pyramid is to provide a
guidance system that would be comprehensive, flexible, and applicable to a variety of
eating styles and situations. It provides guidance in selecting from food groups that are
both nutritionally adequate and can help reduce disease risk. It should also reflect
common food practices and must include food choices that provide sufficient energy to
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maintain appropriate weight, and not depend (except when necessary) on supplements or
highly fortified foods (Haddad, 1994).
H. Data Management
In order to reduce interviewing bias, NDSR uses a computer-based, multi-pass
approach to data collection. It includes four distinct passes that provide multiple
opportunities for the participant to fully recall or remember their dietary intake. In
addition, the interview is digitally recorded and data is directly entered into the computer
during the interview. Despite so, the diet recalls have to be examined for unusual data
before conducting the analysis. The digitally recorded interview may be reviewed when
necessary to verify the unusual data.
I. Limitations
This study has some limitations. It assessed nutrient adequacy only from the
physical intake pattern of a population. The balance between absorption facilitators and
inhibitors (such as the effect of phytates and oxalate on iron and zinc absorption), along
with the existing nutrient status of the individual were not taken into account. Since this
was a secondary data analysis, there was no control over participant selection. Though
the dietary recall method is considered as one of the strongest method in nutrition
assessment, it heavily relied on participants’ ability to remember what was eaten during
the last 24 hours and also their ability to accurately estimate portion size. Although the
days scheduled for the diet recall were unannounced, participants may reject being
interviewed and request for the interview to be changed to another convenient time. The
diet recalls taken when the dietitian called back may not have reflected the usual intake of
the unannounced day. Furthermore, there is also training effect involved when the recall
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is taken on the third or fourth time onwards as compared to the first time. However, all
these drawbacks were similar across the three diet groups and hence may not bias the
result
Lastly, the mean energy intake for the reference group was 1965 kcal +/- SD 583.
So our recommended serving amount may include those with energy intake ranging from
about 1500 to 2500 kcal. The study population represents the regular adults and thus the
serving recommendation may not be suited for children, pregnant and lactating women.
The sample size of the vegans group (N=66), though much higher than most previous
studies, is relatively small, and thus no firm conclusion can be drawn for the vegans.
J. Research Ethics
The ethical conduct of the AHS-2 calibration study was approved by the Loma
Linda University Institutional Review Board.
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Abstract
Background: Epidemiological studies associate vegetarians with low risk of chronic
diseases. Yet, vegetarians have been shown to be inadequate in certain nutrients. Nutrient
adequacy of vegetarian diet have traditionally been assessed by comparing mean nutrient
intake with the Recommended Dietary Allowance (RDA). The new Dietary Reference
Intake (DRI) recommend using the Estimated Average Requirement (EAR) when
assessing nutrient adequacy for groups as this approach takes into consideration the
distribution of nutrient requirements
Objective: The purpose of this study is to use the EAR to assess prevalence of nutrient
inadequacy among vegetarians and non-vegetarians on self-selected diet.
Design: Nutrient intake was estimated from 6 24-hour recalls obtained over a period of
one year among 992 participants of the Adventist Health Study-2 calibration study. The
EAR cut point method was used for most nutrients while mean intake was compared with
Adequate Intake (AI) for those nutrients without an EAR.
Results: Diets of vegans were likely to be inadequate in vitamin E (79%), B12 (48%) and
A (42%) while lacto-ovo vegetarians were inadequate in vitamin E (79%), A (23%) and
magnesium (23%). Non-vegetarians were inadequate in vitamin E (94%), magnesium
(49%) and vitamin A (40%). Mean intake of calcium and vitamin D were below their AI
for all diet groups but the means of vitamin K, pantothenic acid and manganese were
above their AI.
Conclusion: When nutrient intakes were compared with the EAR, vegans and lacto-ovo
vegetarians have a lower prevalence of inadequacy for most nutrients compared to non
vegetarians and the general population.
46

Introduction
Epidemiological data have shown that vegetarians have lower rates of coronary
diseases (Fraser, et ah, 1995), diabetes (Snowdon & Phillips, 1985) and some cancers
(Mills, et ah, 1994). Yet, nutritional studies comparing mean intakes of vegetarians with
the RDA have concluded that the diet of vegetarians, particularly vegans, may be
inadequate in certain nutrients, especially protein, calcium, vitamin D, zinc, iron and
vitamin B12 (Donovan & Gibson, 1996; Dunn-Emke, et ah, 2005; Larsson & Johansson,
2002; Weaver & Plawecki, 1994).
The new DRI guideline, however, states that it is not appropriate to use the RDA
to assess nutrient intakes for groups because the RDA will overestimate the requirements
of 97.5 percent of the population. Mean or median intake of a group should also not be
compared with the RDA when assessing nutrient adequacy in a group because the
prevalence of inadequacy depends on the distribution of usual intakes and this is not
taken into account when only the mean or median is used (Institute Of Medicine, 2006).
The EAR represents the average daily nutrient level that is estimated to meet the
requirement of half of the healthy individuals in a particular life stage and gender group
(Murphy & Poos, 2002). It is now the primary reference point for assessing the adequacy
of estimated nutrient intake of groups.
The application of the EAR in assessing and planning diet places emphasis on the
distribution of nutrient requirements within a population, rather than just on a single
value (as was done in the former RDA) (Institute Of Medicine, 2006).
Most adequacy studies on vegetarian were done on small populations and were
confined to certain geographical boundaries such as a population within a certain
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community (Alexander, et al., 1994; Miller, et al., 1991). This may not be a good
representation of the vegetarian population as a whole. With the emerging popularity of
vegetarian diets, there is a need to reassess the nutrient adequacy of these diets using the
new EAR rather than the RDA as a reference standard. The study population should also
be larger and more geographically representative. The purpose of this study thus, is to
assess the nutrient intake adequacy of a large population on a self-selected vegetarian
diet, residing across the United States and Canada, using the new reference standard
EAR.
Subject and Methods
The Adventist Health Study 2 (AHS-2) cohort includes adult members of the
Seventh-day Adventist churches. The Adventist church promotes a healthy lifestyle and
church members are encouraged to eat a vegetarian diet. Adherence to these
recommendations however, is quite variable resulting in a wide diversity of dietary
practices among Adventists. It has been previously reported that a small percentage are
total vegetarians (vegans), many follow a lacto-ovo-vegetarian diet, fewer eat meat less
than once per week (semi-vegetarian), and about half are non-vegetarians following an
omnivorous diet similar to the general population (Fraser, 2003).
Subjects from this study were taken from the AHS-2 calibration study, a
representative subgroup from the parent cohort (See Table 4.1). Participants in the
calibration study were randomly selected from the parent cohort by church, and then
subject-within-church (Jaceldo-Siegl, et al., 2009). Participating churches included those
located in the 43 states and provinces in USA and Canada. No significant differences
were observed in the distribution of gender, age, education or vegetarian status between
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the calibration sub-study sample (n=1011) and the AHS-2 cohort (n=96592) (JaceldoSiegl, et ah, 2009).
The duration of the calibration study for each subject was 9-12 months. Each
subject provided a set of three variably timed 24-hour dietary recalls (one Saturday, one
Sunday and one weekday intake) during the first two months, and then duplicated the
same protocol approximately six months later to capture potential seasonal variation in
food intake. The institutional review board of Loma Linda University approved the study
and all subjects gave written informed consent.
Dietary Assessment
Data collection of the 24-hour dietary recalls was described previously
(Jaceldo-Siegl, et ah, 2009). Briefly, recall interviews were unannounced and obtained by
telephone. Each participant received two-dimensional food portion visuals (2D Food
Portion Visual; Nutrition Consulting Enterprises, Framingham, MA, USA) to assist with
portion size estimates. Trained research dietitians used a multiple-pass approach
methodology to collect detailed information on all foods, beverages and supplements
consumed during the previous 24 hour. Recall interview data was entered using Nutrition
Data System for Research (NDS-R) version 4.06 or 5.0 (The Nutrition Coordinating
Center, Minneapolis, MN, USA) and digitally recorded for subsequent quality check.
One of the authors (KJS) evaluated randomly selected recall interviews (~5 % of all) and
compared them with the recording, as a quality control measure.
Within each of the two sets of 24 h dietary recalls, each day was weighted
appropriately to produce a synthetic week (1 X Saturday intake, 1 X Sunday intake and 5
X weekday intake). For those who completed six 24 h recalls, the mean daily intake was
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weighted by dividing the total of the two synthetic weeks by 14. We were not able to
obtain 6 complete recalls for some, and for others, 7 recalls were collected. Therefore
only those subjects with five to seven valid recalls were included in the final analysis. For
those with 5 recalls (where there was one missing day), another day‘s recall that most
closely represented the missing day was used as a substitute. For those with 7 recalls
(where there was an extra day), all the days that it represented were weighted by 2/3. For
example, if there were 3 Sunday recalls, these recalls were weighted as 2/3 of each
Sunday.
Vegetarian status was classified as per previous AHS-2 publication (Chan, et ah,
2009). Vegans were those who consumed less than one serving per week of flesh meat or
meat products, and egg or egg products, and milk or dairy products; lacto-ovo vegetarian
as those with less than one serving per week of flesh meat or any meat products; non
vegetarians as those with more than one serving per week of flesh meat or any meat
products. Nutrients obtained from supplements were not included in the analysis since the
purpose of this exercise was to examine nutrient intake from food alone.
Statistical Analysis
All daily nutrients intake data were log transformed to remove skewness
typically observed in the distribution of daily intake. The measurement error model was
used to adjust for intra-individual variability (Food and Nutrition Board, 2000a).
The between-subject variance was given as

Var^^Var^-jVar^
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where bi as the “true” intake of the z'th subject, and

as the within-subject error of the

yth measurement ( y = 1,2, • • •, A:) of the zth subject (/ = 1,2, • • •,« ). Var

) as the within-

subject variance, which was the mean of n subjects’ variance and VartY^ as the
variance of mean intake of n subjects. Then, Var^s^ was expressed as

n

Var(£.j)

k

i=\ 7=1

The estimated proportion of people who consume a certain nutrient less than the EAR
was expressed as

f(wear) = ®

^ WEAR
cr

J

where /u is the mean nutrient intake of n subjects, and <j = Varfy). The cumulative
distribution of a nutrient intake, JV, was given as F(-) and WiEAR as the recommended
dietary reference of the nutrient and <!>(•) is the cumulative density function (CDF) of
the standard normal distribution.
Prevalence of inadequacy was assessed using 3 approaches: EAR cut point
method (for nutrients with EAR); comparing the mean intake with the AI (for nutrients
without an EAR); and the full probability approach (for nutrient with non-symmetrical
distribution of requirement) (Barr, 2006).
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Criteria for using the EAR cut-point method include: 1) that intake and
requirement are not correlated, 2) the distribution of requirement are symmetrical about
the EAR and 3) variance of intake is greater than variance of requirements (Murphy, et
ah, 2002). Assuming all three conditions were met, we applied the EAR cut point method
on 13 of our nutrients of interest (vitamin A, C, E, Bn, thiamin, riboflavin, niacin, folate,
copper, magnesium, phosphorus, selenium and zinc). Prevalence of inadequacy was
approximated by the proportion of individuals in the group with usual intakes below the
EAR. The full probability approach was used to assess the prevalence of inadequacy for
iron since menstruating women will have skewed distribution of iron requirement. The
prevalence of inadequate intake of iron were computed with reference to the percentiles
of the iron requirements distribution of various age/gender groups from the Institute of
Medicine report (Food and Nutrition Board, 2001). For the 8 nutrients with no EAR
values (vitamin D, K, calcium, chromium, pantothenic acid, manganese, linoleic acid
(LA) and alpha linolenic acid (ALA)) the mean or median intake of the group were
compared with the AI.
Results
There were a total of 992 subjects with adequate number of recalls, 38 with 5
recalls, 939 with 6 and 15 with 7 recalls. Out of the 992 subjects, 660 were females and
332 males (mean age 59.9 +/- 13.7, range 26-95 yrs old). Seven percent of the population
were vegans (n=66), 33% lacto-ovo vegetarians (n= 331) and the remaining 60% were
non-vegetarians (n=595) (Table 4.1).
The prevalence of inadequacy for vitamin C, vitamin E, thiamin, folate, copper,
magnesium, phosphorus and zinc among vegans and lacto-ovo vegetarians were lower
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compared to non-vegetarians (Table 4.2) (Figure 4.1, 4.2). Though the prevalence of
inadequacy of riboflavin, niacin and selenium for the vegans and lacto-ovo vegetarians
were higher than the non-vegetarians, they were at a proportion lower than 15%.
Among the vegans, lacto-ovo vegetarians and non-vegetarians respectively, the
four common nutrients with high prevalence of inadequacy were vitamin E (79%, 79%,
94%), vitamin A (42%, 23%, 40%), zinc (22%, 21%, 23%) and magnesium (15%, 23%,
49%). Across all dietary groups, females compared to males had a higher prevalence of
inadequacy for folate, vitamin B12 and phosphorus. Using the full probability approach,
we found that males had a lower prevalence than females and non-vegetarian females had
the highest prevalence of inadequacy (24%) for iron.
In general, the mean intake for vitamin K, pantothenic acid and manganese were
above the AI while that of vitamin D and calcium were below their AI for all dietary
groups, gender and age (Table 4.3). The mean intake of ALA was above the AI for all
females and mean intake of calcium, LA and ALA of lacto-ovo vegetarians were higher
than that of the non-vegetarians.
Discussion
Participants of the AHS-2 calibration study were geographically spread
throughout USA and Canada. They provided a unique and valuable opportunity to
examine dietary variation within the population without the traditional confounders of
smoking and alcohol. This is unlike other studies where the study and comparison groups
may not share certain common characteristics. Contrary to previous studies that examined
the adequacy of vegetarians diet using the RDA as a reference, our results inferred that
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vegetarians compared to non-vegetarians, have a lower prevalence of inadequacy for
most nutrients analyzed in this study.
Compared to the NHANES 2001-2002 data (Moshfegh, 2005), (which was based
on data collected from 8940 individuals, ages 1 year and older), our vegetarian
population also had a lower prevalence of inadequacy for vitamin A, C, E, folate, copper,
magnesium and phosphorus when compared to this representative general population.
The NHANES 2001-2002 report identified vitamin A, E, C and magnesium as nutrients
with potential problems for most gender/age groups.
Similar to the NHANES data, our study found that magnesium, vitamin E and
vitamin A were nutrients with higher prevalence of inadequacy among all three diet
groups, with vitamin E being the highest (above 50%). High prevalence of vitamin E was
also reported in other populations (Arab, et ah, 2003; Sebastian, et ah, 2007; Suitor &
Gleason, 2002). It has been suggested that the higher prevalence could be due to an
underestimation of intake of vitamin E since the amounts and types of fat added during
cooking were often unknown and not accounted for (Food and Nutrition Board, 2000b),
or it could be that the EAR for vitamin E had been set too high (Arab, et ah, 2003). On
the other hand, when the true prevalence is either too high or too low, the EAR cut point
method does not produce reliable estimates of the prevalence of inadequacy (Arab, et ah,
2003; Carriquiry, 1999; Food and Nutrition Board, 2000a). Thus the estimate of vitamin
E inadequacy in this case has to be interpreted cautiously.
The prevalence of inadequacy for magnesium in the present study was low in
vegetarian (15% for vegans and 23% for lacto-ovo vegetarians) compared with non
vegetarians (49%) and the national average (56% for NHANES 2001-2002). Elevated
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proportion of inadequacy for magnesium has been reported among different populations
(Mejia-Rodriguez, Sotres-Alvarez, Neufeld, Garcia-Guerra, & Hotz, 2007; Sebastian, et
al., 2007; Suitor & Gleason, 2002). In an attempt to assess sources of magnesium (and
other nutrients) in our population, we also calculated in a separate analysis the serving
counts from the recall data so as to examine the mean daily number of serving from the
different food groups (See Table 4.4). Results from the serving count analysis showed
that vegetarians as compared to the non-vegetarians had a higher mean intake of nuts,
whole grains and green leafy vegetables, which are rich sources of magnesium
(Alexander, et al., 1994; Mangat, 2009). This could explain the difference in proportion
of inadequacy of magnesium among these diet groups.
The prevalence of inadequacy for vitamin A was high but to a lesser degree when
compared to magnesium and vitamin E. Similar high prevalence of this vitamin was also
reported in other studies (Mejia-Rodriguez, et al., 2007; Sebastian, et al., 2007). This
nutrient is now measured in Retinol Activity Equivalents as opposed to the previous
Retinol Equivalents. This change in the equivalency values means that a larger amount of
provitamin A carotenoids, and therefore the darkly colored, carotene-rich fruits and
vegetables, is needed to meet the vitamin A requirement (Beilin, et al., 1988).
Vegetarians in our population had a higher (but may not be high enough to meet the
vitamin A requirement) intake of fruits, vegetables, and especially dark color vegetables
compared to non-vegetarians (Table 4.4). This could have contributed to their lower
prevalence of inadequacy of this nutrient.
Comparing the three diet groups, non-vegetarians had a higher prevalence of
inadequacy for iron. No study has examined the nutrient adequacy of vegetarian with
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reference to the EAR for iron and studies assessing the nutrient intake of males using the
EAR have been limited. Studies showing the prevalence of inadequacy for iron (with
reference to the EAR) among other female populations vary from 50.8% (among
Mexican women) (Mejia-Rodriguez, et ah, 2007) to <3% based on data from the
Continuing Survey of Food Intakes by Individuals, 1994-1996 (Sebastian, et ah, 2007).
However, no conclusion on adequacy of iron can be drawn comparing the results from
our study with those from other studies since we are dealing with populations with
different dietary pattern.
Limited inference about the adequacy of the group can be made when the mean
intake is compared with the AI. When mean intake is above the AI, it can be assumed
that the prevalence of inadequate intakes in the group is low (Institute Of Medicine,
2006). Currently, no EAR has been established for calcium and vitamin D and we found
the mean intake of calcium and vitamin D to be below their AI values across all dietary
groups. Thus no conclusion can be drawn regarding the prevalence of inadequacy for
these two nutrients. However, looking at the mean calcium intake alone, it is noted that
lacto-ovo vegetarians across all age groups have a higher mean intake compared to non
vegetarians.
Lacto-ovo vegetarians compared with the non-vegetarians, have a higher mean
intake of LA and ALA. In assessing the sources of ALA in this population, we found that
mean intake of nuts in the vegetarian population was almost twice that of the non
vegetarians. This doubled intake of nuts could have accounted for the higher ALA level
among the vegans and lacto-ovo vegetarians, because walnuts and some seeds are good
sources of ALA (Mangat, 2009).
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This study has some limitations. It assessed nutrient adequacy only from the
actual intake pattern of a population. The balance between absorption facilitators and
inhibitors (such as the effect of phytates and oxalate on iron and zinc absorption), along
with the existing nutrient status of the individual was not taken into account. Though the
dietary recall method is considered as one of the strongest method in nutrition
assessment, it heavily relied on participants’ ability to remember what was eaten during
the last 24 hours and also their ability to accurately estimate portion size. However, this
drawback is similar across the three diet groups and hence will not bias the result. The
sample size of the vegans group (N=66), though much higher than most previous studies,
is relatively small, and thus no firm conclusion can be drawn for the vegans.
Scientific literatures provided some evidences that vegetarians compared to non
vegetarians have lower blood pressure (Beilin, et ah, 1988; Craig & Mangels, 2009;
Myers & Champagne, 2007), better cardiovascular risk profiles (Chen, et ah, 2008;
Teixeira Rde, Molina Mdel, Zandonade, & Mill, 2007), lower risk of many chronic
diseases and longer lifespan (Dwyer, 1988; Famodu, Osilesi, Makinde, & Osonuga, 1998;
Fraser & Shavlik, 2001; T. J. Key, Davey, & Appleby, 1999; Leitzmann, 2005; Tonstad,
Butler, Yan, & Fraser, 2009; Walter, 1997). Sabate suggested that the vegetarian diet may
represent an optimal diet (Sabate, 2003a) and we also learned from this study that
vegetarians seemed to have a more adequate diet compared to non-vegetarians. Yet, for a
population that has both an optimal and adequate diet, it seems incongruent that when
their nutrient intake were compared with a nutrient standard such as the EAR, diets of
vegetarians appeared to have high prevalence of inadequacy for certain nutrients such as
vitamin E and magnesium. Nutrient standards are based on data derived from studies
57

involving non-vegetarian diets (Haddad, et al., 1999). Given the increasing number of
vegetarians and dietary patterns of the general population shifting towards a more plantbased diet, perhaps it will be justified now to develop a new DRI specially for those on a
plant-based diet.
In summary, the prevalence of inadequate nutrient intake was lower in diets of
vegans and lacto-ovo vegetarians compared to non-vegetarians for 9 and 11 respectively
of 14 nutrients with an EAR. Mean nutrient intake was higher for 1 and 4 respectively of
8 nutrients with an AI. Vegetarians seemed to have a more adequate diet compared to
non-vegetarians.
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Table 4.1 Age and Gender Characteristics of Study Population
Lacto-ovo
Vegetarian
(N=331)

All
Vegan
(N=66)

NonVegetarian
(N=595)

Female

Male

Female

Male

Female

Male

N

992

42

24

218

113

400

195

Age Range in
years
31-50

267

6

5

46

24

137

49

51-70

471

15

9

102

54

195

96

>70

254

21

10

70

35

68

50

62

Table 4.2 Prevalence of Nutrient Inadequacy Calculated by the EAR Cut Point Method
(expressed in % below EAR) Based on Intake from Food Source Alone Categorized by
Vegetarian Status and Gender
Vegan

N

Non Vegetarian

NHANESa

Lacto-ovo
Vegetarian
All Female Male

All

Female

Male

All

All

Female

Male

66

42

24

331

218

113

595

400

195

8940

42
8

30
2

62
17

23
10

22
9

23
13

40
26

37
25

46
29

44
31

79

78

82

79

83

70

94

96

88

93

12
15
3

11
11
3

12
21
1

7
11
1

9
12
1

4
9
1

13
14
0

15
14
0

11
14
0

5
<3
<3

6

8

2

5

8

0

18

24

7

8

48

53

40

23

30

8

16

21

6

**

6
47
7
7
19
24

1
54
2
6
30
1

5
56
5
<3
12
5

Vitamins
Vitamin A#
Vitamin C
Vitamin
E@
Thiamin
Riboflavin
Niacin ~
Folate

+

Vitamin
B12
Minerals

Copper
0
0
4
1
1
0
0
Magnesium
15
25
23
19
30
49
9
Phosphorus
3
0
5
1
3
4
3
Selenium
10
7
9
6
15
1
8
27
23
Zinc
22
14
37
21
18
Iron *
14
1
14
0
* calculated by the full probability approach
# as Retinol Activity Equivalents (RAE)
@ as Alpha Tocopherol
~ as Niacin Equivalent (NE)
+ as Dietary Folate Equivalents (DFE)
Comparison to EAR for ages 50 and older not presented
A
Prevalence of nutrient inadequacy from a representative sample of the US
reference (What we eat in America, NHANES 2001-2002)
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population is presented as a

Table 4.3 Mean Intake1 of the Selected Nutrients Compared to their Adequate Intake
(AI) by Vegetarian Status, Gender and Age Category
Vegan

N

Non
Vegetarian
Female Male

Female

Male

Lacto-ovo
Vegetarian
Female Male

42
Mean

24
Mean

218
Mean

113
Mean

400
Mean

2.1
2.3
2.1

3.3
3.0
2.9

751
741
661

Vitamin D (pg/d)
2.2
31-50 yrs
3.0
1.2
51-70 yrs
1.6
Above 70
1.9
2.3
yrs
Calcium (mg/d)
905
620
31-50 yrs
599
545
51 -70 yrs
Above 70
647
717
yrs
Chromium (fig/d)
0
31 - 50 yrs
0
0.02
0.06
51 -70 yrs
0.02
Above 70
0.01
yrs
Vitamin K (ng/d)
124
31-50 yrs
250
166
51-70 yrs
252
178
Above 70
194
yrs
Pantothenic Acid (mg/d)
8.4
31-50 yrs
5.3
51-70 yrs
18.5
8.5
17.9
Above 70
21.7
yrs
Manganese (mg/d)
31-50 yrs
5.2
7.9
8.2
6.2
51 -70 yrs
Above 70
6.2
6.9
yrs
Linoleic Acid (18:2) (g/d)
10.2
14.8
31 -50 yrs
14.9
11.3
51 -70 yrs
Above 70
10.8
12.8
yrs
a Linolenic Acid (18:3) (g/d)
1.1
31-50 yrs
1.5
2.8
51-70 yrs
1.5
Above 70
2.5
1.9
yrs

NHANES **
Female

Male

Female

Male

195
Mean

AI

AI

1802
Mean

1828
Mean

3.0
3.1
3.0

3.1
3.7
3.5

5
10
15

5
10
15

*

*

926
939
825

600
627
583

726
751
676

1000
1200
1200

1000
1200
1200

755
701
666

1021

0.02
0.03
0.02

0.01
0.02
0.01

0.28
0.02
0.35

0.01
0.02
0.01

0.025
0.02
0.02

0.035
0.03
0.03

*

*

154
186
202

141
170
174

124

145

159
124

174
150

90
90
90

120
120
120

93
109
107

105
113

11.6
17.4
12.4

7.8
16.4
8.5

12.0
12.0
13.1

14.8
10.7
12.3

5
5
5

5
5
5

*

*

4.8
5.9
5.6

6.8
6.4
7.0

3.7
4.2
4.3

4.5
5.3
4.3

1.8
1.8
1.8

2.3
2.3
2.3

*

*

13.1
15.4
12.9

15.1
17.5
15.6

10.7
11.3
9.8

14.1
14.3
11.9

12
11
11

17
14
14

13.2
12.6
10.9

17.9
16.3
13.1

1.8
2.0
2.0

1.6
2.0
1.8

1.3
1.5
1.3

1.5
1.5
1.4

1.1
1.1
1.1

1.6
1.6
1.6

1.3
1.3
1.2

1.8
1.7
1.3

64

874
817

88

Table 4.4 Mean Number of Servings per Day for the Different Food Groups by
Vegetarian Status Adjusted for Energy, Gender and Age

Vegan

Lacto-ovo
Vegetarian

Non Vegetarian

N

66

331

595

Grains
Whole Grains
Legumes
Fruits
Vegetables
Dark Green Vegetables
Dark Vegetables*
Nuts
Vegetables Oil
Dairy

6.4

7.0

3.3
2.3

2.9
1.6

5.7
1.9
0.9

3.8

3.0

2.2

3.6
0.8
1.6
0.9
0.8

3.1
0.5
1.2

0.0

3.8
0.6
1.6
0.8
1.4
1.5

0.0

0.3

0.4

0.0

0.0

1.2

1.2

2.6
1.1

Food Groups

Eggs
Meat, poultry, fish
Added sugar **

0.4

1.3
1.5

* Dark vegetables include all dark green and dark color vegetables
**Based on FDA serving sizes
Energy (kcals): Vegan (1446), Lacto-ovo vegetarian (1665) and Non-vegetarian (1515)
Serving Size: Grains: ’/a cup cooked cereal, 1 slice of bread; legume: V2 cup cooked or refried beans; fruit: 1
medium apple, V2 cup cooked or can fruits, % cup juice; vegetables: 1 cup raw, V2 cup cooked; nuts: 1 ounce
nuts or seeds, 2 tablespoon nut butter; vegetable oil: 1 tablespoon; eggs: 1 large egg, 2 large egg whites;
dairy: 1 cup of milk or yogurt, 2 ounces process cheese

65

% Below EAR (Female)
40

20

0

60

% Below EAR (Male)
80

100

0

Vitamin C

Vitamin E

Vitamin E
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Figure 4.1 Prevalence of Nutrient Inadequacies among
Females by Diet Groups for Selected Nutrients

Figure 4.2 Prevalence of Nutrient Inadequacies among Males
by Diet Groups for Selected Nutrients

The prevalence of nutrient inadequacy was estimated by
determining the proportion of usual intake distribution that
was below the Estimated Average Requirement (EAR).

The prevalence of nutrient inadequacy was estimated by
determining the proportion of usual intake distribution that
was below the Estimated Average Requirement (EAR).
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Abstract
Introduction: Vegetarian food guides were developed to help vegetarians make food
choices that meet nutritional standards. Several methods have been used to estimate the
daily number of serving for food groups within the vegetarian food guides. Some used
the food groups approach while others utilized sample vegetarian menus and cookbooks
but none has applied the actual intake of a population to derive the serving
recommendations.
Objectives: In this study, we attempted to use the actual intake of a healthy low-risk
population, who has both an optimal and adequate diet, to compute the daily number of
serving for eight food groups of a vegetarian food pyramid.
Methods: Multiple dietary recall data of 148 vegetarians from the Adventist Health
Study 2 calibration study were used. These subjects have nutrient intake above the
Estimated Average Requirement (EAR) and the Adequate Intake (AI) for 14 selected
reference nutrients. Results from subgroups with nutrient intake above the EAR for
vitamin E and above the AI for calcium and ALA were also considered in the
computation.
Results: Based on the intake of all the subgroups, recommended daily number of serving
for the 8 food groups are: Grains 6-12, Legumes 2-3, Fruits 3-5, Vegetables 4-6, Nuts and
seeds 1-2, Vegetables Oils 1-2, Eggs 1-2/week and Dairy Products 2-3.
Conclusion: Daily number of serving for each food group computed from this method is
comparable to other vegetarian food guide and close adherence to the recommendations
should meet the nutrient requirement of the 14 nutrients.
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Introduction
Food guide is a tool that translates nutritional standards into guidelines for making
daily food intake meet nutritional requirements (Welsh, 1992). Variety of dietary patterns
and food availability in different areas however, pose challenges in determining
recommended types and amounts of food for a guide. This is especially so when devising
food guides for vegetarians who, compared to omnivores, have fewer food groups from
which to choose.
Despite this, many vegetarian food guides have been developed to provide
vegetarians with a practical plan in food selection, given the growing interest in
vegetarianism over recent decades. These guides vary in their emphasis, food grouping,
serving recommendations ("Food Guide Pyramid for Vegetarian Meal Planning," 1997;
Hever, 2010; Vegetarian Diet: How to get the best nutrition," 2010) and how the number
of servings for each food group was computed. Haddad et al. developed a vegetarian food
guide pyramid based on a food group approach. Recommended serving sizes and daily
number of servings for each food group were adjusted such as to provide minimum
intakes of >= 90% of the recommended dietary allowances (RDA) for all nutrients
(Haddad, 1994).
An international panel of experts in vegetarian nutrition reviewed epidemiological
and experimental research on vegetarian diets and developed a unique pyramid-shaped
vegetarian food guide with nine food groups. No serving recommendations were decided
on at that point (Haddad, et ah, 1999) (Figure 5.1). Whitten later computed the number of
serving per day for each food groups of this guide based on nutritionally adequate
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vegetarian sample menus or cookbooks. These menus were compiled from seven
different ethnic dietary patterns (Whitten, 2001).
Venti and Johnston modified the USD A Food Guide Pyramid by adding four
subgroups of foods to encourage the consumption of foods that particularly address
nutritional concerns of vegetarians. Serving sizes were as defined by the USDA Food
Guide Pyramid, and the number of servings from each food group was adjusted so that
collectively, the food guide meets the nutrient needs of vegetarians (Venti & Johnston,
2002). The guide from Messina and colleagues were based also on the food group
approach, which expanded choices of calcium-rich foods within each food group to help
vegetarians choose the right foods to meet calcium needs. The formulation of the number
of servings for each food groups was not reported (V. Messina, et ah, 2003). Nakamoto et
al collected 8 weeks of dietary information from 3 different institutions in Japan that
specialized in regularly offering vegetarian meals. The average nutrient composition of
the 6 food groups was determined by estimating the mean value of each of the 3
institutions’ average nutrient composition for all 8 weeks. Number of servings was then
adjusted to provide at least 100% of the RDAs for selected nutrients (Nakamoto, et al.,
2009).
Many methods have been used but none applied the actual food intake of a
population to compute the number of food group servings for a vegetarian food guide.
The purpose of this paper is to compute the daily number of servings for each food
groups of the vegetarian food guide pyramid presented by Haddad et al (Haddad, et al.,
1999) (Figure 5.1) using multiple 24-hour dietary recall data collected from a healthy
low-risk population.
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Methods
Subjects
The Adventist Health Study 2 (AHS-2) cohort includes adult members of
the Seventh-day Adventist churches. It was found that there was a wide diversity of
dietary practices among the Adventists: a small percentage are total vegetarians (vegans),
many follow a lacto-ovo-vegetarian diet, fewer eat meat less than once per week (semi
vegetarian), and about half are non-vegetarians following an omnivorous diet similar to
the general population (Fraser, 2003).
Subjects from this study were taken from the AHS-2 calibration study, a
representative subgroup from the parent cohort. Participants in the calibration study were
randomly selected from the parent cohort by church, and then subject-within-church
(Jaceldo-Siegl, et ah, 2009). Participating churches included those located in the 43 states
and provinces in USA and Canada.
Design
A low risk population was selected from the calibration study cohort. 24hour dietary recall data from this selected population were used to compute food group
serving amounts for the vegetarian food guide pyramid developed by Haddad et al
(Haddad, et ah, 1999).
Selection ofAnalytical Population
We followed multiple steps in computing the daily number of food group
servings. These included: a) Selection of a low risk population, b) Selection of a
vegetarian food guide, c) Measure of Adequacy, d) Statistical Analysis.

71

a. Selection of a Low-Risk Population. Nutrition is coming to the fore as a
major modifiable determinant of chronic disease, with scientific evidence increasingly
supporting the view that dietary adjustments may determine whether or not an individual
will develop chronic diseases such as cancer, cardiovascular disease and diabetes ("Diet,
nutrition and chronic diseases in context. Report of a Joint WHO/FAO Expert
Consultation. Geneva, World Health Organization," 1990). This association between diet
and chronic diseases has prompted our assumption that the diet of a healthy low-risk
population is a more optimal diet that should confer the benefits of lower risk of chronic
diseases. Thus, serving recommendation computed from dietary intake of a low risk
population may serve as a good reference standard for vegetarians.
Epidemiological studies have shown that Adventists have lower risks of most
cancers, cardiovascular diseases (CVD) and diabetes and have longer lifespan (Butler, et
ah, 2008). As such they have been referred to in many studies as a low-risk population
(Beeson, et al., 1989; Fraser, Strahan, et ah, 1992; Mills, et ah, 1991; Singh & Fraser,
1998). Other population studies have also shown that vegetarians enjoy remarkably good
health, exemplified by low rates of obesity (Appleby, et al., 1998; T. Key & Davey,
1996; Singh & Lindsted, 1998), coronary diseases (Fraser, et al., 1995; Snowdon, et al.,
1984; Thorogood, et al., 1994), diabetes (Snowdon & Phillips, 1985), and many cancers
(Mills, et al., 1994; Phillips, et al., 1980; Thorogood, et al., 1994), and also increased
longevity (Fraser, 1999; Singh, et al., 2003; Snowdon, 1988). In view of the above
evidences, we have selected Adventist vegetarians from the AHS-2 calibration study as
our low-risk population. Multiple dietary recalls were taken from each of the subject from
this population. Details of the calibration study and diet recall methodology were
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previously described (Jaceldo-Siegl, et al., 2009) (also reference to paper 1). Food group
serving count analysis of the dietary intake were done using the Nutrition Data System
for Research (NDS-R) 2008 (The Nutrition Coordinating Center, Minneapolis, MN,
USA).
b. Vegetarian Food Guide. We focused on eight main food groups of the
vegetarian food guide presented by Haddad et al. (Haddad, et al., 1999): Grains,
Legumes, Fruits, Vegetables, Nuts and Seeds, Vegetable Oil, Eggs and Dairy Products.
Eleven food subgroups, though not listed in the food guide, were also included in the
analysis. These subgroups are: whole grains, beans, soy and soy products, citrus fruit,
non-citrus fruit, fruit juice, dark green vegetables, dark colored vegetables, starches,
potatoes, and vegetable juices.
The serving size assignment of the NDSR serving count analysis and the
vegetarian food guide pyramid were both based on the recommendations made by the
Dietary Guidelines for Americans 2005 (Grains: Vi cup cooked cereal, 1 slice of bread;
legume: V2 cup cooked or refried beans; fruit: 1 medium apple, Vi cup cooked or can
fruits; vegetables: 1 cup raw, Vi cup cooked; nuts: 1 ounce nuts or seeds, 2 tablespoon nut
butter; vegetable oil: 1 tablespoon; eggs: 1 large egg, 2 large egg whites; dairy: 1 cup of
milk or yogurt, 2 ounces process cheese).
The NDSR food grouping was meant for an omnivore diet so special attention
was taken to categorize the meat and milk alternatives of the herbivore diet into the right
grouping. For example, Soymilk was categorized under the legume group, rice milk as
grain group and almond milk as nuts and seed group. Moreover, some serving sizes
corrections were made. The serving sizes of V2 cup fruit and vegetable juice, !4 oz nuts
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and seeds, 1 Tbs nut and seed butter, 1 Ts oil and 30g salad dressing in NDSR were
converted to % cup fruit and vegetable juice, 1 oz nuts and seeds, 2 Tbs nut and seed
butter, 1 Tbs oil and 14g salad dressings in the food guide pyramid respectively.
c. Measure ofAdequacy. The Estimated Average Requirement (EAR) is
the primary reference point for assessing the adequacy of estimated nutrient intake of
groups while the Adequate Intake (AI) is derived for nutrients when insufficient scientific
evidence is available to establish an EAR (Institute Of Medicine, 2006). Using EAR and
AI as our references, we further selected a subgroup from the selected low-risk
population that has their nutrient intake above the EAR or AI for selected reference
nutrients. This reference nutrient subgroup therefore, will have both an optimal and
adequate diet, according to the definition of adequacy and optimality by Sabate (Sabate,
2003a). The reference nutrients included magnesium, zinc, vitamin A, protein, iron,
vitamin C, thiamin, riboflavin, niacin, folate, copper, phosphorus, selenium and
manganese. These nutrients were selected as our reference nutrient for a number of
reasons. Firstly, this population was found to have high prevalence of inadequacy in
magnesium, zinc and vitamin A as reported in our nutrient analysis (reference to paper 1).
Secondly, protein and iron were nutrients known to be low among vegetarian (Donovan
& Gibson, 1996; Dunn-Emke, et ah, 2005; Larsson & Johansson, 2002). Finally, we were
interested in assessing vitamin C, thiamin, riboflavin, niacin, folate, copper, phosphorus,
selenium and manganese.
Beyond Reference Nutrients: In the executive summary of the Dietary Guidelines
of Americans 2005, it was reported that there was high prevalence of inadequacy for
vitamin E among all children, adolescents and adults ("US Department of Health and
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Human Services & US Department of Agriculture (2005) Dietary Guidelines for
Americans 2005," 2005). Other nutritional studies had shown similar results (Arab, et ah,
2003; O'Neil, et ah, 2009; Sebastian, et ah, 2007; Suitor & Gleason, 2002). This concern
applied to Calcium and Alpha Linolenic Acid (ALA) too (Albrecht & Nagy-Nero, 2009).
However, because of our population’s high level of inadequacy of these nutrients, adding
them in the reference nutrient list greatly reduced the sample size of the reference nutrient
subgroup. We did not want to disregard meeting nutrient adequacy of these nutrients;
therefore we included vitamin E, calcium and ALA subgroups to augment their serving
quantity contribution to the reference nutrient subgroup. The vitamin E subgroup were
those (vegetarians selected from the AHS-2 calibration study cohort) with their intake of
vitamin E above the EAR while the calcium and ALA subgroups were those with their
intake of calcium and ALA above their AI respectively. In the vitamin E, calcium and
ALA subgroups, we also examined the major food sources (from the different food
groups) that contributed the most for these nutrients.
d. Statistical Analysis. All dietary intake data were log transformed to
reduce possible skewness typically observed in the distribution of daily intakes The mean
number of servings per day and the standard deviation (SD) from the eight main food
groups and their eleven food subgroups were generated for the reference nutrient, vitamin
E, calcium and ALA subgroups. These means were adjusted for energy, age and gender.
The mean and +/- 2 standard deviation were then transformed back using anti-log. Under
a normally distributed curve, 95% of the distribution lies between 2 standard deviation of
the mean, which in this case would represent the number of serving of the food consumed
by 95% of the population. The value of the mean minus 2 standard deviation and mean
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plus 2 standard deviation of all the subgroups were then used as the basis to estimate the
lower and upper limit, respectively, of the range for the recommended daily number of
servings for the different food groups.
We used the following protocol to derive the lower and upper limit. The values of
the mean minus 2 standard deviation of the four subgroups for each food groups
(depending whether that food group is the major food source of vitamin E, calcium or
ALA (refer to Table 5.2) were compared and the highest value (rounded off) was selected
to represent the minimum limit of the range for the daily recommended number of
servings for the food groups. For example, nuts and seeds are major food sources for
vitamin E and ALA. The highest value of means minus 2 standard deviation among the
reference nutrient, vitamin E and ALA subgroups was 0.95 (rounded off as 1) from the
vitamin E subgroup (See Table 5.3). This value was selected to be the minimum limit of
the range of the recommended number of serving for nuts and seeds. In the same way, the
highest value of the mean plus 2 standard deviation (which is 2.12-rounded of as 2) from
the vitamin E subgroup) will represent the maximum limit of the range for the daily
recommended number of servings for nuts and seeds. This method of comparison was
then repeated to the remaining food groups to determine the minimum and maximum
limit for each food group.
Results
There were 148 vegetarians (Male: 37, Female: 111) with nutrient intake above
the EAR for the reference nutrients group. Their mean age was 62.9 yrs old (SD: +/- 13.5
yrs) and mean energy intake was 1980 kcal (SD: +/- 546). Descriptions of the other
subgroups are shown in Table 5.1.
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On a daily basis, the reference nutrient subgroup had a mean of at least 7 servings
for grains and out of which about 45% were whole grains. Soy and soy products made up
75% of the legumes; non-citrus, 71% of the fruits while fruit juice amount to 16% of the
total fruits taken. At least 44% of the vegetables were dark vegetables such as dark green
leafy, and other dark colored vegetables while 7% were starchy vegetables and 11% were
potatoes. This subgroup had about 1 serving of nuts and dairy products, 1 Vi servings of
vegetable oils per day and about one and a half serving of eggs per week.
When compared to the reference nutrient group, the vitamin E subgroup had a
higher mean value for grains (whole grains), legumes, fruits and nuts. Of the food
consumed by the vitamin E subgroup, 90% provided less than Img of vitamin E and were
from grains and vegetables. At higher concentration, (> 5 and >10 mg) grains, and nuts
and seeds were the sources of vitamin E and these constituted to about 3% of the food
taken by this group. Most of the foods from the grain group were either fortified cereal,
cereals or granola mixed with nuts or seeds or wheat germ and 40% of the grains were
whole grains.
The Calcium subgroup was the smallest (N=45) and it had a much higher mean
value for grains (15% higher), legumes (19%) and dairy products (82%) compared to the
reference nutrient group. About 80% of food consumed by this group provided less than
50mg of calcium. Grains, vegetables and fruits were sources of calcium at concentration
approximately below 50mg. At higher concentration (>50mg, >100mg), grains (fortified
cereal) and especially legumes (soy and its products) and dairy products, were the main
sources of calcium
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Compared with the reference group, the ALA subgroup had a higher mean value
for vegetable oils. 96% of the food eaten by this population provided less than 1 mg of
ALA. Food at such low concentration came from grain, legumes, fruit and vegetables and
some nut. At low concentration, at least 60-70% of grains were whole grain. Nuts, seeds
and vegetable oil became main sources of ALA at >5mg and >10 mg onwards.
On average, the food sources (from the food groups) of vitamin E, calcium and
ALA were shown in Table 5.2. Grains, vegetables and nuts and seeds contributed most
for vitamin E; grains, legumes, fruits, vegetables and dairy products for calcium; and nuts
and seeds, and vegetable oil for ALA. The means and +/- 2 SD from these food groups
for the vitamin E, calcium and ALA subgroups were compared with the means and +/2SD of the reference nutrient group (See Table 5.3). The highest values (of the -2SD and
+2SD) between the 4 subgroups were rounded off and the final recommended range for
the daily number of serving for each food group and its serving sizes were presented in
Table 5.4.
Discussion
Fourteen nutrients were selected as reference nutrients in the assessment of
adequacy. Some of these nutrients were selected because they were nutrients of concern
for vegetarian as reported either in our previous nutrient analysis or from other studies
that had assessed the adequacy of vegetarian diets using the Recommended Dietary
Allowance (RDA). Vitamin D and B\2 are two nutrients that vegetarian, especially
vegans, may be deficient in but they are not included in the reference nutrient list because
they exist in negligible amount in plant foods. It is best for vegetarians to obtain adequate
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intake of these nutrients through sunlight exposure (for vitamin D) or through food
fortification or supplementation (for vitamin D and B12).
An adequate diet is defined as a diet that prevents nutrient deficiencies by
providing sufficient nutrients and energy for human growth and reproduction. An optimal
diet, in addition to the same benefits of the adequate diet, also promotes health and
longevity, reducing the risk of diet-related chronic diseases (Sabate, 2003a). Based on
this definition, the diet pattern of the Adventist and vegetarian populations may well be
deemed optimal judging from the health benefits and longevity it confers, thus making
them suitable to be selected as a low risk population. Going beyond diet optimality,
further selection of a subgroup from this Adventist vegetarian population who have
adequate nutrient intake for selected 14 nutrients will leave us with a group of vegetarians
that has both an optimal and also, an adequate diet. We would argue that serving
recommendation computed from dietary intake of this selected subgroup may better serve
as a good reference for a vegetarian food guide pyramid.
Besides the eight main food groups, the eleven additional food subgroups
provided further insights into the dietary pattern of the population. Whole grains were
very much a part of the diet for all these subgroups and its benefits has been documented
in many studies (Lairon, et al., 2005; Richardson, 2003; Salas-Salvado, Bullo, PerezHeras, & Ros, 2006; Venn & Mann, 2004). It’s importance to health has prompted USDA
to recommend whole grains as part of the grain group in the current food guide pyramid
("Inside the pyramid. Why is it important to eat grains, especially whole grains?" 2010).
To meet the requirement of the reference nutrients, vitamin E and calcium, estimation
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from this study suggested at least 6 to 12 servings of grains, of which at least 40% be
whole grains.
For the fruits and vegetables, it is recommended to have 3-5 servings of fruit and
4-6 servings of vegetables, with emphasis on whole food rather than juice. It is noted that
dark green vegetables and dark colored vegetables made up an average of about 19% and
44% respectively of the vegetables eaten by all the four different subgroups. (Dark color
vegetables include dark green, dark yellow and dark orange vegetables such as spinach,
broccoli, pepper, carrot and tomatoes). Van Duyn reported that consumption of wide
variety of vegetables, especially dark colored vegetables is protective against cancer,
CVD, cataracts, stroke and chronic obstructive pulmonary disease (COPD) (Van Duyn &
Pivonka, 2000). Others have also shown the cancer protective functions of the green leafy
and orange vegetables (Steinmetz & Potter, 1996) and the cardio protective effects of the
green leafy vegetables (Joshipura, et al., 2001).
Though legumes are botanically categorized as vegetables, their nutrient
contributions differ significantly from most vegetables. Legumes are good sources of
protein, fiber, thiamin, folate, calcium, phosphorous, potassium, iron, phytochemicals,
and many trace minerals. They have also been shown to have hypocholesterolemic
properties (Trinidad, Mallillin, Loyola, Sagum, & Encabo) and are beneficial in the
prevention and management of diabetes (Venn & Mann, 2004). Among legumes, soybean
possesses unique nutrient characteristics known to be protective against CVD, cancer,
osteoporosis, and menopausal symptoms (M. J. Messina, 1999). Vegetarian should have
at least two serving of beans or any soy or soy products per day.
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To evaluate the serving recommendations computed from this new methodology,
we compared our results with the serving recommendation of the Loma Linda University
(LLU) Food Guide Pyramid. Food grouping of the LLU food guide pyramid was similar
to this study but its daily number of servings was computed using sample vegetarian
menu and cookbooks from seven different cultural dietary patterns. This guide has been
widely promoted and used since the fifth international congress of vegetarian nutrition in
2008.

Comparing our serving recommendations to the LLU Vegetarian food guide
pyramid ("Loma Linda University Vegetarian Food Pyramid"), the number of servings
for the different food groups was comparable. The lower limit (of our result) was one
serving higher for grains, legumes and vegetable oils, 2 servings lower for the vegetables,
two serving higher for the dairy products while fruit, nuts and eggs remained the same.
Examining Table 5.3, it was noted that the one serving increase of the lower limit for
grains and dairy could be attributed to meeting the requirement for calcium. Based on this
comparison, we would argue that close adherence to the serving recommendation of the
LLU food guide, with special attention in meeting calcium and ALA needs through
adequate intake of grains, legumes, dairy products and vegetable oils, lacto-ovo
vegetarians might be able to fulfill the requirement of protein, iron, zinc, magnesium,
vitamin A, vitamin C, thiamin, riboflavin, niacin, folate, phosphorus, copper, selenium
and manganese, vitamin E, calcium and ALA. Vegans on the other hand, should carefully
plan for their sources of calcium if dairy products were not part of their diet. Other
calcium rich foods besides dairy products were suggested by Messina (V. Messina, et ah,
2003): dark green from vegetable group, soy and its products such as tempeh, tofu and
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soynuts and other beans from the legume group and calcium fortified grains, soymilk and
juices.
Though computing the number of serving for a food guide using the actual intake
pattern of a low risk population is a novel idea, this method has some limitations. The
mean energy intake for the reference nutrient group was 1980 kcal +/- SD 546, so our
recommended serving amount may include those with energy intake ranging from about
1500 to 2500 kcal. The study population represented adults and thus the serving
recommendation might not be suited for children, pregnant and lactating women. Our
measurement of diet adequacy was based on meeting the requirement only for 14
nutrients.
Based on epidemiological evidence, we made the assumption that the study
population has the same health benefits of a low-risk population. Future research may
investigate if this same study population does have lower blood pressure, better
cardiovascular risk profile or other health outcomes. We have chosen to use the Adventist
vegetarian as our low-risk population in this study. The methodology derived may be
applied to other low-risk population too. (For example, we can use dietary intake of a
population on Mediterranean diet to estimate the daily number of serving for food groups
in a Mediterranean food guide).
We used the actual intake of a low-risk population to estimate the daily number of
serving for eight food groups of a vegetarian food guide. The estimated serving
recommendation, though slightly different with some food groups, is overall comparable
to serving recommendation of an existing food guide with similar food grouping.
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Table 5.1 Description of the Four Subgroups
Subgroups

Female (N)
Male (N)
Mean Age in years
(Std Dev)
Mean Energy in Kcal
(Std Dev)

Reference
Nutrient
(N=148)

Vitamin E
(N=l 14)

Calcium
(N=45)

Alpha
Linolenic
Acid
(N=249)

111

62

19

181

37

52

68

62.9(13.5)

62(13.4)

1980 (546)

2060 (588)

26
54.8
(12.9)
2326
(727)

62.5 (13.7)
1775 (534)

Reference Nutrients: Subgroup with nutrient intake above EAR/AI for protein, iron, zinc, magnesium,
vitamin A, vitamin C, thiamin, riboflavin, niacin, folate, phosphorus, copper, selenium and manganese.
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Table 5.2 Contribution of Food Groups to Vitamin E, Calcium & Alpha Linolenic Acid
Subgroups
Reference
Nutrient
(N=148)
Grains
Legumes
Fruits
Vegetables
Nuts and
Seeds
Vegetable Oils
Eggs
Dairy

Vitamin E
(N=l 14)

Calcium
(N=45)

%

%
%
%
%

%

%
%

%

%
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Alpha
Linolenic
Acid
(N=249)

Table 5.3 Means and Standard Deviation (+/- 2SD) of the Number of Servings for Each
Food Group. Comparison between the Different Subgroups: Reference Nutrients,
Vitamin E, Calcium and Alpha Linolenic Acid

Foodgroups

Reference Nutrients
(-2
(+ 2
Mean
SD)
SD)

Calcium
(-2
(+ 2
SD)
SD)

Final
Range

6.05

11.94

612/day

2.34

2.34

2.64

2-3/day

2.86

4.81

2.14

4.76

3-5/day

4.48

3.82

5.26

3.22

5.64

2.51

5.58

4-6/day

1.06

0.56

2.01

0.95

2.12

1.57

1.20

2.08

0.22

0.17

0.28

1.31

0.88

1.95

Grains

7.39

5.47

9.97

Legumes

2.08

1.84

Fruits

3.71

Vegetables
Nuts
Vegetable
Oils
Eggs
Dairy
Product

Vitamin E
(-2
(+ 2
SD)
SD)

Alpha
Linolenic
Acid
(-2
(+ 2
SD) SD)

5.16

11.02

0.34

1.88

1-2/day

1.27

2.05

1-2/day
1-2/wk

1.95

2.92

2-3/day

Reference to Table 2, only data from food groups that are major sources of each nutrient are presented.
Bold -- The selected lower and upper limit
Final range: Selected lower and upper limit rounded off
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Table 5.4 Recommended Daily Number of Servings and Serving Sizes for the Vegetarian
Food Guide Pyramid
Food Group

Daily
Servings

Bread, Grains, Cereals
(50% whole grain)

6-12

Legumes and Soy

2-3

Fruits

3-5

Vegetables
40% Dark Colored
vegetables

4-6

Nuts and Seeds

1-2

Vegetable Oils

1-2

Eggs

1-2 *

Dairy Products

2-3

Serving Size
30g (1 slice) Bread
30g (1 cup) Ready to eat cereal
lOOg (1/2 cup) Cooked cereal, rice, or pasta
1 Small roll or muffin (30g)
1/2 Bagel or english muffin (30g)
lOOg (1/2 cup) Cooked beans, lentils, peas, limas, etc
lOOg (1/2 cup) Tofu, soy products, or meat analogs
1 Medium apple, banana, or orange (150g)
1 cup chopped fresh fruit (150g)
3/4 cup Fruit Juice
1/4 cup Dried fruit
1 cup (50g) Raw leafy vegetables or salad
1/2 cup (80g) Cooked vegetables
3/4 cup vegetable juice
1 oz. (30g) Nuts and seeds
23 almonds(l/4 cup), 14 walnut halves (1/4 cup)
2 Tbsp (30g) peanut butter, almond butter, tahini
1 Tbsp (14g) plant oils
1 Tbsp (14g) salad dressing
1 whole egg
2 egg whites
leup (250ml) non-fat or low fat milk or yogurt
1/2 cup (125ml) low fat cottage or ricotta cheese

* Serving per week
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Figure 5.1 Conceptual Framework of the Vegetarian Food Guide Pyramid (Presented by
Haddad et al). Serving recommendations from this study is based on the food grouping of
this pyramid.
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CHAPTER 6
CONCLUSION

A. Summary
Comparing the nutrient intake (estimated from dietary recalls) with the EAR as a
reference standard, we assessed the prevalence of nutrient inadequacy among the vegans,
vegetarians, and non-vegetarians. Our results showed that vegans and vegetarians have a
lower prevalence of inadequacy for most nutrients compared to non-vegetarians. This is
contrary to other nutritional adequacy studies that had used the RDA as a reference
standard and found vegetarians to be inadequate in certain nutrients. We have also
employed a new method of using the actual dietary intake of a low risk population to
estimate the daily number of serving for different food groups of a vegetarian food guide.
B. Application of Results
Since we had used a new methodology, we want to see if our serving
recommendation is comparable to others. First, we compared our estimated serving
recommendations with the serving recommendation of the Loma Linda University (LLU)
Food Guide Pyramid. Food grouping of the LLU food guide pyramid was similar to this
study but its daily number of servings was computed using sample vegetarian menu and
cookbooks from seven different cultural dietary patterns. This guide has been widely
promoted and used since the fifth international congress of vegetarian nutrition in 2008.
Comparing the serving recommendations from both guides, the number of
servings for the different food groups was comparable. The lower limit (of our result)
was one serving higher for grains, legumes and vegetable oils, 2 servings lower for the
92

vegetables, two serving higher for the dairy products while fruit, nuts and eggs remained
the same. Examining Table 3 (Chapter 5), it was noted that the one serving increase of
the lower limit for grains and dairy could be attributed to meeting the requirement for
calcium while the one serving higher for the vegetable oils was for meeting the
requirement for ALA.
The second vegetarian food guide for comparison was the modified food guide
pyramid for lacto-vegetarian and vegan developed by Venti et al (Venti & Johnston,
2002). This food guide was chosen because of its relatively similar food grouping
compare to the food grouping of this study. (It has seven out of the eight food groups; the
eggs group is not included) For comparison sake, we combined the 1-2 servings of fruits
and 1-2 servings of dried fruit to be 2-4 servings of fruits as a whole; the 2-4 servings of
vegetables and 2-3 servings of green leafy vegetables were combined as 4-7 servings of
vegetables. The 2-3 teaspoons of oils were counted as 1 Tbs of oil.
With that, the difference in the number of serving was found only in fruits (1
serving less) and dairy products (1 serving more) compared to our food guide. Dairy was
the only food group without a recommended range in the comparison food guide.
Following our recommended number of serving for this food group (2-3) it was
comparable to the 3 servings recommended. The 3 serving of the dairy group, which also
included fortified non-dairy substitute for the vegans, was catered to meeting calcium
requirement.
C. Conclusion
Based on this two comparison, we would argue that close adherence to the
serving recommendation of the LLU food guide and the modified food guide from Venti
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et al, with special attention in meeting calcium and ALA needs through adequate intake
of grains, legumes, dairy products and vegetable oils, vegetarians may be able to fulfill
the requirement of protein, iron, zinc, magnesium, vitamin A, vitamin C, thiamin,
riboflavin, niacin, folate, phosphorus, copper, selenium and manganese, vitamin E,
calcium and ALA. Vegans on the other hand, should carefully plan for their sources of
calcium if dairy products are not part of their diet. Other calcium rich foods besides dairy
products are suggested by Messina (V. Messina, et al., 2003): dark green from vegetable
group, soy and its products such as tempeh, tofu and soynuts and other beans from the
legume group and calcium fortified grains, soymilk and juices.
D. Future Application
Our study has only assessed adequacy based on nutrients estimated from food
consumed by the study population. Future research may look at nutritional biomarker
(which served as an indicator of nutritional status) of this same population with respect to
the intake or metabolism of the dietary constituents. Examining the biomarkers will allow
us to see if there are any associations between nutrients estimated from food consumed
and nutrients metabolized.
In this study, we have intentionally examined the nutrient contribution from food
sources alone. Usage of supplements is changing as consumers are taking charge of their
health and seeking alternative forms of medicine (Eisenberg, et al., 1998). It will be
worthy to examine the effect of supplement use on prevalence of nutrient inadequacy or
the difference in trend of supplement use among the vegans, vegetarians and non
vegetarians.
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Adventist and vegetarians are the low risk populations chosen in this study
because they are known to have lower risk of chronic diseases and longer lifespan.
Whether there is correlation between supplements use and the health benefits these
populations enjoyed is also another area noteworthy of investigation. We have made the
assumption, based on epidemiological evidence, that our study population have the same
health benefits similar to Adventist and vegetarians in general. Further research can be
done to affirm if this same selected subgroup (with both and an adequate and optimal
diet) does have lower blood pressure, better cardiovascular risk profile, lower risk of
diabetes or any health outcomes. Results from this examination may further strengthen
the association between an optimal diet and lower risk of chronic diseases.
Using the actual intake of a low risk population to estimate daily serving
recommendation for food groups of a food guide is a novel idea. This methodology is
intended to be applied to dietary intake from any low risk population. (For example, we
can use dietary intake of a population on Mediterranean diet to estimate the daily number
of serving for food groups in a Mediterranean food guide).
Finally, the recommended daily number of serving developed from this study may
be evaluated on another vegetarian population. We suggest to test the hypothesis that
vegetarians on a diet that meet the serving recommendations (as proposed in this study)
for every food groups of the vegetarian food guide should also have low prevalence of
inadequacy for nutrients assessed in this study.
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CHAPTER 7
OTHER FINDINGS

A. Overview
The Loma Linda University (LLU) Vegetarian Food Guide was the work of two
publications. First, an international panel of experts in vegetarian nutrition formulated the
pyramid graphics and identified nine key food groups (Haddad, et ah, 1999). Later
Whitten et al added the daily number of servings for each food group based on sample
vegetarian menus and cookbooks from seven different cultures such that anyone who
follows the recommended type and amount of food from the guide theoretically will meet
all nutrient requirements (Whitten, 2001). Seven cultural cuisines were represented:
Western, Western fast food and meat analog, Hispanic, Mediterranean-Italian,
Mediterranean Middle Eastern, Asian, and Continental Indian.
When the LLU Vegetarian Food Guide was distributed in 2008 during the 5th
International Congress of Vegetarian Nutrition, it was not known if any vegetarian who
practices strict adherence to the serving recommendations of the food guide will meet all
nutrient requirements as purported in the theoretical formulation. It will be a novel idea to
validate the serving recommendation of this food guide by examining if vegetarians who
meet the serving recommendation will also meet the nutrient requirement of all nutrients.
Thus we hypothesized that vegetarians who meet the serving recommendation of all the
key food groups (except sweets) of the LLU food guide pyramid will also be nutrient
adequate.
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B. Adventist Health Study-2: Calibration Study
To test the hypothesis, we used the dietary recalls taken from each of the 397
vegetarians from the AHS-2 calibration study. Dietary recall methodology, food
grouping, serving size recommendations and vegetarian status were previously described.
C. Methods
We grouped the subjects into those that have food intake under the recommended
serving range, those within the serving range, and those above the serving range. Based
on the serving recommendation of the food guide pyramid, the population was stratified
into the following groupings in terms of
> Individual food groups. This applied to the eight food groups (for example,
serving range for grains is 5-12, we identified those with less than 5 servings
of grains, those between 5 to 12 servings of grains, and those with more than
12 servings of grains).
> Tier level on the pyramid. This applied to the four tiers on the pyramid; tier 1
- grains and legumes, tier 2 - fruits and vegetables, tier 3 - nuts and vegetable
oils, and tier 4 - dairy and eggs. (For example, serving range for grains is 5-12
and legumes is 1-3, we identified those with less than 5 servings of grains and
less than 1 serving of legumes, those between 5 to 12 servings of grains and
between 1 to 3 servings of legumes, and those with more than 12 servings of
grains and more than 3 servings of legumes)
> Six or eight combine food group units. The combine six food groups include
grains, legumes, fruits, vegetables, nuts and vegetable oils. The combine eight
food groups include grains, legumes, fruits, vegetables, nuts, vegetable oils,
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dairy and eggs. (For example, the combine 6 food groups include those
between 5 to 12 servings of grains, and between 1 to 3 servings of legumes,
and between 3 to 4 servings of fruits, and between 6 to 9 servings of
vegetables, and between 1 to 2 servings of nuts, and between 0 to 2 servings
of vegetable oils, and between 0 to 2 servings of dairy products, and between
0 to 1 servings of eggs)
Details of the food grouping are shown below.
> Individual Food Groups: Each stratification is further divided into ‘Less
Than’, ‘Within’ and ‘More Than’ the serving recommendation (except for
Vegetable Oil, Dairy and Eggs)
Grains: < 5; >=5 and <=12; >12
Legumes: <1, >=1 and <=3, >3
Fruits: <3, >=3 and <=4, >4
Vegetables: <6, >=6 and <=9, >9
Nuts and Seeds: <1,>=1 and <=2, >2
Vegetables Oil: >0 and <=2, >2
Dairy Products: >0 and <=2, >2
Eggs: >0 and <=1, >1
> Tiers level on the pyramid: Each stratification is further divided into ‘Less
Than’, ‘Within’ and ‘More Than’ the serving recommendation (except for
Vegetable Oil, Dairy and Eggs)
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Grains and Legumes respectively: <5 and <1,
(>=5 and <=12) and (>=1 and <=3)
>12 and >3
Fruits and Vegetables respectively: <3 and <6
(>=3 and <=4) and (>=6 and <=9)
>4 and >9
Nuts & Vegetable Oils respectively: (>=1 and <=2) and (>0 and <=2)
>2 and >2
Dairy and Eggs respectively:

(>0 and <=2) and (>0 and <=1)
>2 and >1

> Combine food group units: The combine six food groups or the combine eight
food groups. Subjects identified for the combine six food group unit represent
those with food intake that fall within the recommended serving range of the
following food groups: grain, legumes, fruits, vegetables, nuts and vegetable
oil. Subjects identified for the combine eight food group unit represent those
with food intake that fall within the recommended serving range of the
following food groups: grain, legumes, fruits, vegetables, nuts, vegetable oil,
dairy and eggs.
(Grains to Oils) Grains, Legumes, Fruits, Vegetables, Nuts and Seeds,
and Vegetables Oil respectively
(>=5 and <=12) and (>=1 and <=3) and (>=3 and <=4) and (>=6 and
<=9) and (>=1 and <=2) and (>0 and <=2)
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(Grains to Eggs) Grains, Legumes, Fruits, Vegetables, Nuts and Seeds,
and Vegetables Oil, Dairy Products and Eggs respectively
(>=5 and <=12) and (>=1 and <=3) and (>=3 and <=4) and (>=6 and
<=9) and (>=1 and <=2) and (>0 and <=2) and (>0 and <=2) and (>0
and <=1)
D. Results
The number and proportion (ratio of number of subjects to the total (N)) of
subjects from each stratification among the vegetarians and non-vegetarians are shown in
Table 7.1. Non-vegetarians have higher proportion of subjects with number of serving
less than the lower limit of all food groups compared to vegetarians. Except for vegetable
oils, vegetarians have a higher proportion of subjects with number of servings within the
recommended range of all food groups compared to non-vegetarians. This implied that
more vegetarians compared to non-vegetarians met the recommended number of serving
for individual food groups. However, both vegetarians and non-vegetarians did not meet
the serving recommendation of the combination of six (grain to oils) and eight (grain to
eggs) food groups.
The lower limit of the recommended daily number of serving for some food
groups of this food guide pyramid appeared to be slightly higher compared to other food
guides. (Example: 3 and 6 servings for fruits and vegetables respectively in this food
guide compared to 2 and (3 or 4) for other guides ("Food Guide Pyramid for Vegetarian
Meal Planning," 1997; Vegetarian Diet: How to get the best nutrition," 2010). We
attempted to notch down (proportionally decreased) the lower limit of five food groups
(grains, legumes, fruits, vegetables and nuts and seeds) and then examined if there were
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subjects who met the serving recommendation of the combine 6 or combine 8 food
groups. The nine notch down patterns of reducing the lower limit of the serving range
were shown in Table 7.2. Pattern 1 showed the original lower limit of the five food
groups while pattern 2 to 9 were those with the lower limit reduced by various proportion
among the five food groups. These notch down patterns were tested on the whole
population (397 vegetarians and 595 non-vegetarians) instead of vegetarians alone.
The results showed that even after reducing the lower limit of grains to 3, legumes
and nuts to !4, fruits and vegetables to 2 servings, we only have 27 subjects with number
of servings between the minimum and maximum limit for the combine six food groups:
grains and legumes and fruits and vegetables and nuts and seeds and vegetable oil and 18
subjects with number of servings between the minimum and maximum limit for the
combine eight food groups: grains and legumes and fruits and vegetables and nuts and
seeds and vegetable oil and dairy products and eggs. With the limited sample size that
resulted when the notch down pattern were tested on the whole population, no further
analysis were done with just vegetarian alone.
E. Conclusion
We did not proceed to test our hypothesis due to the small sample size. The
results inferred that among the 992 participants of the AHS-2 calibration study, none met
the number of serving recommendation for the combine six or eight food groups. Less
than 30 participants met the number of serving recommendation of the combine six or
eight food groups when the lower limit of the recommended number of serving was
reduced for five of the eight food groups.
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Table 7.1 Number of Subjects from the Different Stratification: Comparison between Vegetarian and Non-Vegetarian
Vegetarian (N=397)
Food Group
Stratification
Individual food groups
Grains
Legumes
Fruits
Vegetables
Nuts and Seeds
Vegetable Oil
Dairy Product
O

Eggs
Tier level on pyramid
Grain & Legume
Fruit & Vegetable
Nut & Vegetable Oil
Dairy & Egg

Under

%**

Within

119

30%

264

160
219
349
279

40%
55%
88%
70%

0
0
0

%**

Non-Vegetarian (N=595)
Above

%**

Serving
Range

47%

10

2%

5-12

134
72
29
55

23%
12%
5%
9%

30
61
3
21

5%
10%

1-3
3-4

1%
4%

6-9
1-2

0%
0%
0%

486
437
490

82%
73%
82%

107
158
43

18%
27%
7%

0-2
0-2
0-1

243
441

41%
74%

78
5

13%
1%

4
1

1%
0%

0
0

0%
0%

42
357

7%
60%

3
14

1%
2%

*
*
*
*

Above

%**

Under

66%

14

4%

303

51%

282

181
66
43
79

46%
17%
11%
20%

56
112
5
39

14%
28%
10%

431
462
563
519

72%
78%
95%
87%

0%
0%
0%

317
315
343

80%
79%
86%

78
79
13

20%
20%
3%

0
0
0

57
203

14%
51%

129
7

32%
2%

4
3

1%

0
0

0%
0%

65
259

16%
65%

7
5

2%

1%

1%
1%

%**

Within

Grain to Oil = Grains, Legumes, Fruits, Vegetables, Nuts and Seeds, Vegetable Oil
Grain to Eggs = Grains, Legumes, Fruits, Vegetables, Nuts and Seeds, Vegetable Oil, Dairy Product and Eggs
* Refer to individual food group serving range
** Percent to the total (N)
Under = Less than the minimum limit of serving range
Within = Between the minimum and maximum limit of serving range
Above = More than the maximum limit of serving range

%**

Table 7.2 Notch Down Pattern and Their Reduced Number of Servings for Five Food
Groups
Number of Servings
Notch Down
Pattern
1
2
3
4
5

6
7

8
9
Pattern 1:
Pattern 2:
Pattern 3:
Pattern 4:
Pattern 5:
Pattern 6:
Pattern 7:
Pattern 8:
Pattern 9:

grain

legumes

fruits

vegetables

nuts

5
5

1
1
0.9
0.8
0.8
0.8
1
0.5
0.5

3
2.4
2.4
2.4
2.4
2
2
2
2

6
4.8
4.8
4.8

1
1
0.9
0.8
0.8
0.8
1
1
0.5

4.5
4
4
4
3
3
3

3
3
2
2
2

Original serving of each food group
Servings of fruits and vegetables reduced by 20%
Servings of fruits & vegetables reduced by 20%, grains, legumes & nuts by 10%
Servings of fruits, vegetables, grains, legumes & nuts reduced by 20%
Servings of fruits, grains, legumes & nuts reduced by 20%, vegetables by 50%
Servings of grains, legumes & nuts reduced by 20%, vegetables by 50%, fruitsby 33%
Servings of grains reduced by 40%, vegetables by 66%,fruits by 33%
Servings of grains reduced by 40%, vegetables by 66%,fruits by 33%, legume by 50%
Servings of grains reduced by 40%, vegetables by 66%,fruits by 33%, legume & nuts by 50%
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Table 7.3 Number of Subjects within the Recommended Serving Range for Each Food
Group Stratification: Comparison between Different Notch Down Patterns
Notch Down Pattern (as in Table 2)
1

2

3

4

5

6

7

8

9

Serving
Range

547
315
139
72
190
635

547
315
267
150
190
635

635
354
267
150
214
635

728
392
267
150
237
635

728
392
267
493
237
635

728
515
358
493
237
635

878
393
357
740
237
635

878
510
357
740
237
635

878
510
357
740
321
635

5-12
1-3
3-4
6-9
1-2
0-2

Grain & Legume
Fruit & Vegetable
Nut & Vegetable Oil

207
13
111

207
45
111

254
45
124

319
45
137

319
137
137

319
191
137

363
273
136

466
273
136

466
273
191

*

Combine 6 Food
Groups
Grain to Vegetable

0

0

0

0

4

5

15

19

27

*

0

0

0

0

4

4

11

14

18

*

Food Group
Stratification
Individual Food
Groups
Grains
Legumes
Fruits
Vegetables
Nuts

Vegetable Oil
Tier Level on
Pyramid

*
*

Oil

Combine 8 Food
Groups
Grain to Eggs

* Refer to individual food group serving range
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APPENDIX B: INFORMED CONSENT FROM AHS-2

Adventist
Health Study®

a^6pport

Substudy

M What is the AHS-2 SUPPORT substudy?

How do I give a fat sample?
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jp j!

This is collected with a blood drawing
needle, and will seem like a blood test. It is
taken just under the skin from the fatty back
part of your hip just below the waist.

It is a small study to help us obtain more accurate
correlations between lifestyle and disease discovered
in the main AHS-2 study. We need to gather blood, fat,
and urine, as well as more detailed dietary and
exercise information from a small group of specially
selected participants who have completed the AHS-2
questionnaire.

How will I benefit?
1.

How was I chosen for this substudy?
^
K
a
S
g

Using only your participant number, a computer
randomly selected 1000 people who, as a group,
represent all the people enrolled in the study. Initially,
150 churches were chosen from the more than 3,000
Seventh-day Adventist churches in the US. Then, in
your church, you and 6 other members were selected.

| What do I have to do?
%
w
H
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if'

Give us more details about the foods you eat and your
exercise program, and allow us to give you a free
health check-up. You will get a call within two weeks to
ask if you would be willing to do this. If you agree, over
the next nine months you will:

Sv 1. Be interviewed over the phone six times about the foods
you ate the day before.
Bj 2. Be interviewed over the phone twice about how much you
B
exercised that week.
K 3. Attend a free health check-up clinic to be held at your
g
church (or facility nearby) for about 1 hour in the morning
B
before eating breakfast. (To be eligible for inclusion in
B
this study, you must be able to attend this clinic.) We
S
will measure your height, weight, body composition, blood
H
pressure, bone density, degree of sun tanning (to do this you
if

may be asked for permission to have V4" of body hair shaved), and

P
collect some blood, urine, and a tiny sample of body fat
p 4. Fill out a 2nd shorter questionnaire about your diet and
exercise.
H

How much blood and urine do I have to

H 9've?
H
H
Kj
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A trained technician or nurse will draw about 3
tablespoons of your blood. You will bring to the checkup a urine sample collected throughout the night
before. We will send you a container ahead of time.
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You will receive a free individualized
Health Appraisal Report at the end of the
clinic (valued at $200). This report will
include:
• Results from the check-up (height,
weight, % body fat, blood pressure,
Total, HDL and LDL cholesterol,
triglycerides, fasting blood glucose, and
bone density).
• An assessment of your diet and other
lifestyle habits.
• Your health age and recommendations
for healthful living.

2. A $100 check will be mailed to you after
all parts are completed and/or returned.
Why is this study important?
The information obtained from the results of
this substudy will help us “fine tune“ the
results from all 125,000 church members
enrolled in AHS-2.
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What are the risks involved?

Is the information going to be
confidential?

You may experience pain like a pin prick and/or
minor bruising where the needle is inserted for
the blood draw and fat sample. Some people
feel light-headed after a blood draw. As with
any break in the skin, there is a chance of
infection. We will minimize this by using good
5:
antiseptic technique.

To keep your identity confidential, all information
about you will be identified by a study number
and not by a name. Even though the clinic may
be held at your church, your test results will
never be known by anyone in your church.

Can I refuse to be in this study?
Yes, you may refuse to be in this study. You may
also withdraw from the study at any time. There
will be no negative effect for refusing.

Who can I call if I have a question or
complaint about this study?
You may call toll-free (877) 558-6201 to speak to
a study representative. If you have a complaint
and want to talk to someone not associated with
the study, you may contact the Office of Patient
Relations, Loma Linda University Medical Center,
Loma Linda, CA 92350. Their phone number is
(909) 558-4647.

When will AHS-2 be calling me?
Phone interviews will be conducted from 8 a.m.,
to 5 p.m. Pacific Standard Time Sunday through
Friday. If you are unavailable during these
times, you may call AHS-2 at (877) 558-6201 to
leave another phone number AND/OR the best
times to contact you.

CONSENT AGREEMENT
for

PRINT FIRST NAME

LAST.NAME

CHURCH

Instructions:
•

You have agreed to be part of the SUPPORT substudy; please sign below and mail
the signed copy of this consent form in the enclosed self-addressed postage
paid envelope to Adventist Health Study-2, 24785 Stewart St, Room 203, Loma
Linda, CA 92350.

•

Be sure to keep the other copy of this consent form for your records.

/ understand everything that is required of me in this study, and I hereby voluntarily agree to
participate in this study.

Date

Signature

Thank you for being part of this very important sub-study!
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